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(57) ABSTRACT

A first selective reduction catalyst including a silver-based
catalyst is provided in an exhaust pipe of an engine. An ozone
generation device generates ozone by using oxygen in the
atmosphere, and a hydrocarbon-based liquid supply device
supplies a hydrocarbon-based liquid. A part of NO in the
exhaust gas flowing through the exhaust pipe is oxidized to
NO, with the ozone generated by the ozone generation
device, and said NO, is supplied to the first selective reduc-
tion catalyst. Also, a part of the hydrocarbon-based liquid
supplied by the hydrocarbon-based liquid supply device is
partially oxidized, with ozone generated by the ozone gen-
eration device, to an active reducing agent including an oxy-
gen-containing hydrocarbon such as aldehyde, and this active
reducing agent is supplied to the first selective reduction
catalyst.
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FIG. 6
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FIG. 12
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FIG. 13
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EXHAUST GAS PURIFIER

TECHNICAL FIELD

The present invention relates to an apparatus for decreasing
nitrogen oxides (hereinafter referred to as “NOx”) contained
in an exhaust gas of an engine such as a diesel engine, to
thereby purify the exhaust gas.

BACKGROUND ART

Conventionally, there is disclosed an exhaust purifier of an
internal combustion engine in which at least a part of a harm-
ful component in an exhaust gas from an internal combustion
engine is concentrated by a concentration device, at least a
part of the harmful component concentrated by the concen-
tration device is converted into a highly reactive gas by a
conversion device, and the harmful component, at least a part
of which has been converted into the highly reactive gas by
the conversion device, is purified by an exhaust gas purifica-
tion catalyst (see, for example, Patent Literature 1). In this
exhaust purifier of the internal combustion engine, the con-
version device is a device that adds an oxidizing agent to the
harmful component, which is concentrated by the concentra-
tion device, to oxidize at least a part of the harmful component
and to convert it into a highly reactive gas. Also, the oxidizing
agent is ozone, and this ozone is generated by electrolyzing
water by a water electrolysis device. Here, in the water elec-
trolysis device, hydrogen (H,) is formed along with ozone at
a time of electrolysis of water. Specifically, water is decom-
posed on an anode side partitioned by a cation exchange
membrane to generate ozone, and a hydrogen gas is generated
on a cathode side from a hydrogen ion which has passed
through the cation exchange membrane. Furthermore, an
adsorbent is housed in the concentration device, and an ozone
adding valve is provided as the conversion device in an
exhaust pipe on an exhaust gas upstream side of the concen-
tration device.

In the thus configured exhaust purifier of the internal com-
bustion engine, the concentration device concentrates the at
least part of the harmful component in the exhaust gas from
the internal combustion engine. Specifically, a hydrocarbon
and NOx in the exhaust gas are temporarily adsorbed onto the
adsorbent housed in the concentration device, to thereby con-
centrate the hydrocarbon and NOx. Ozone (O,) as the oxidiz-
ing agent is injected from the ozone adding valve toward the
adsorbent of the concentration device. Thereby, ozone is
added to the harmful component adsorbed onto the adsorbent.
At this time, at least a part of the hydrocarbon and NOx
adsorbed onto the adsorbent are oxidized and converted into
a highly reactive gas due to high oxidation activity of ozone.
For example, among hydrocarbons, when an olefinic hydro-
carbon is converted into an oxygen-containing hydrocarbon
such as an aldehyde, the reactivity becomes high, and nitro-
gen monoxide (NO) of NOx is oxidized and converted into
nitrogen dioxide (NO,), whereby the reactivity becomes
high. The harmful component, the at least part of which has
been converted into the highly reactive gas by the addition of
ozone, is supplied to the exhaust purification catalyst on the
downstream side. Then, in the case where the exhaust purifi-
cation catalyst is a selective reduction catalyst, in this selec-
tive reduction catalyst, the partially oxidized hydrocarbon
and nitrogen dioxide (NO,) are caused to react with each
other and finally purified into carbon dioxide, water, and
nitrogen.

Meanwhile, there is disclosed an exhaust gas purifier of an
internal combustion engine, which is configured so that a
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2

catalyst for purifying a harmful component in an exhaust gas
is disposed in an exhaust passage of the internal combustion
engine; that an active oxygen supply device supplies active
oxygen into the exhaust passage on an exhaust gas upstream
side of this catalyst; that an unburned fuel component supply
means increases the concentration of the unburned fuel com-
ponent in the exhaust gas flowing through the exhaust passage
on the exhaust gas upstream side of the catalyst to be higher
than usual; and that in the case where an increase in tempera-
ture of the catalyst is required, not only a catalyst tempera-
ture-increasing means supplies active oxygen into the exhaust
passage on the exhaust gas upstream side of the catalyst by the
active oxygen supply device, but also the unburned fuel com-
ponent supply means increases the concentration of the
unburned fuel component in the exhaust gas flowing through
the exhaust passage on the exhaust gas upstream side of the
catalyst (see, for example, Patent Literature 2). In this exhaust
gas purifier of the internal combustion engine, the catalyst
contains Ag as a catalyst component. Also, the active oxygen
supply device is configured so as to supply ozone as the active
oxygen.

In the thus configured exhaust gas purifier of the internal
combustion engine, in the case where an increase of the
temperature of the catalyst is required, a catalyst temperature-
increasing control for adding active oxygen and an unburned
fuel component to the exhaust gas flowing through the
exhaust passage on the exhaust gas upstream side of the
catalyst can be executed. Since the active oxygen has a strong
oxidation power, the added active oxygen and unburned fuel
component can efficiently react with each other even from a
low temperature. For that reason, the temperature of the cata-
lyst can be rapidly increased utilizing a reaction heat thereof.
Also, since the catalyst contains Ag, when the active oxygen
and the unburned fuel component are added by means of the
catalyst temperature-increasing control, CO is generated due
to a reaction therebetween. Ag expresses activity for effi-
ciently oxidizing CO from a low temperature in the copres-
ence of the active oxygen. For that reason, CO generated due
to the reaction between the active oxygen and the unburned
fuel component, which are added during the catalyst tempera-
ture-increasing control, can be oxidized and purified while Ag
acts as a catalyst.

CITATION LIST
Patent Literature

Patent Literature 1: JP 2011-85060 A (claims 1 to 4, para-
graphs [0017], [0018] and [0022], and FIG. 1)

Patent Literature 2: JP 2009-264320 A (claims 1, 2 and 5,
paragraphs [0012] and [0013], and FIG. 1)

SUMMARY OF THE INVENTION
Technical Problem

However, in the exhaust purifier of the internal combustion
engine disclosed in the above-described conventional Patent
Literature 1, since the hydrocarbon and NOx, which are
adsorbed onto the adsorbent, are converted into the oxygen-
containing hydrocarbon such as an aldehyde, and nitrogen
dioxide (NO,) by means of the oxidation activity of ozone,
there is such an inconvenience that the concentration device
having the adsorbent housed therein, which concentrates the
harmful component in the exhaust gas, is required. Also, in
the exhaust purifier of the internal combustion engine dis-
closed in the above-described conventional Patent Literature
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1, the hydrocarbon which is to be adsorbed onto the absorbent
is the harmful component discharged from the engine, a
hydrocarbon supply device that positively supplies this
hydrocarbon into the exhaust pipe is not provided, and an
amount of hydrocarbon to be adsorbed onto the adsorbent is
small. Therefore, an amount of oxygen-containing hydrocar-
bon such as an aldehyde which is obtained by partial oxida-
tion of the hydrocarbon with ozone, is also small, which
results in that there is also such a problem that the selective
reduction catalyst cannot sufficiently exhibit a NOx decreas-
ing performance. Meanwhile, in the exhaust gas purifier of
the internal combustion engine disclosed in the above-de-
scribed conventional Patent Literature 2, if the exhaust gas
temperature reaches 250° C. or higher and a surplus of the
unburned fuel component (hydrocarbon) flows into the cata-
lyst containing Ag, CO having a small effect in decreasing
NOx in the exhaust gas on this catalyst is generated.

A first object of the present invention is to provide an
exhaust gas purifier that can efficiently decrease NOx in an
exhaust gas over a wide range of exhaust gas temperatures by
oxidizing NO in the exhaust gas to NO, with ozone and
partially oxidizing a hydrocarbon-based liquid to an active
reducing agent including an oxygen-containing hydrocarbon
such as an aldehyde with ozone, without using a concentra-
tion device having an adsorbent housed therein. A second
object of the present invention is to provide an exhaust gas
purifier in which by positively supplying a hydrocarbon-
based liquid by using a hydrocarbon-based liquid supply
device, an amount of an active reducing agent including an
oxygen-containing hydrocarbon such as an aldehyde, which
is obtained by partial oxidation of the hydrocarbon-based
liquid with ozone, can be sufficiently ensured, whereby a
selective reduction catalyst can sufficiently exhibit a NOx
decreasing performance. A third object of the present inven-
tion is to provide an exhaust gas purifier that can generate an
aldehyde, an alcohol, and the like capable of effectively
decreasing NOx in an exhaust gas and that can efficiently
decrease NOx in the exhaust gas over a wide range of exhaust
gas temperatures.

Solution to Problem

A first aspect of the present invention, as shown in FIG. 1,
is an exhaust gas purifier including a first selective reduction
catalyst 21 that is provided in an exhaust pipe 16 of an engine
11 and that includes a silver-based catalyst, an ozone genera-
tion device 40 that generates ozone by using oxygen in an
atmosphere or an exhaust gas, and a hydrocarbon-based lig-
uid supply device 24 that supplies a hydrocarbon-based lig-
uid. A part of NO in the exhaust gas flowing through the
exhaust pipe 16 is oxidized to NO, with ozone generated by
the ozone generation device 40. This NO, is supplied to the
first selective reduction catalyst 21. A part of the hydrocar-
bon-based liquid supplied by the hydrocarbon-based liquid
supply device 24 is partially oxidized, with the ozone gener-
ated by the ozone generation device 40, to an active reducing
agent including an oxygen-containing hydrocarbon contain-
ing either or both of aldehyde and alcohol. The active reduc-
ing agent is supplied to the first selective reduction catalyst
21.

A second aspect of the present invention is the invention
based on the first aspect further includes, as shown in FIG. 9,
a second selective reduction catalyst 22 that is provided in the
exhaust pipe 16 on an exhaust gas downstream side of the first
selective reduction catalyst 21 and that includes a copper-
based catalyst, an iron-based catalyst, or a vanadium-based
catalyst.
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In a third aspect of the present invention that is the inven-
tion based on the first aspect, as further shown in FIG. 1, the
hydrocarbon-based liquid supply device 24 is connected to
the exhaust pipe 16 on an exhaust gas upstream side of the first
selective reduction catalyst 21. The ozone generation device
40 is connected to the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21 and
on the exhaust gas downstream side or the exhaust gas
upstream side (not shown) of a connection portion between
the hydrocarbon-based liquid supply device 24 and the
exhaust pipe 16.

In a fourth aspect of the present invention that is the inven-
tion based on the first aspect, as further shown in FIG. 7, the
ozone generation device 40 is connected to the exhaust pipe
16 on an exhaust gas upstream side of the first selective
reduction catalyst 21 via a gas supply device 81. The hydro-
carbon-based liquid supply device 24 is connected on an
intermediate portion of the gas supply device 81.

In a fifth aspect of the present invention that is the invention
based on the first aspect, as further shown in FIG. 8, the ozone
generation device includes a first ozone generation device
101 and a second ozone generation device 102. The first
ozone generation device 101 is connected to the exhaust pipe
16 on an exhaust gas upstream side of the first selective
reduction catalyst 21 via an ozone supply device 103. The
second ozone generation device 102 is connected, via a gas
supply device 107, to the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21 and
on an exhaust gas downstream side or the exhaust gas
upstream side (not shown) of a connection portion between
the first ozone generation device 101 and the exhaust pipe 16.
The hydrocarbon-based liquid supply device 24 is connected
to an intermediate portion of the gas supply device 107.

In a sixth aspect of the present invention that is the inven-
tion based on the fourth aspect, as further shown in FIG. 7, a
mixing chamber 84 is provided in a connection portion
between the hydrocarbon-based liquid supply device 24 and
the gas supply device 81.

In a seventh aspect of the present invention that is the
invention based on the fifth aspect, as further shown in FIG. 8,
a mixing chamber 111 is provided in a connection portion
between the hydrocarbon-based liquid supply device 24 and
the gas supply device 107.

An eight aspect of the present invention is the invention
based on the second aspect and further includes, as further
shown in FIG. 9, a third selective reduction catalyst 23 that
includes a noble metal-based catalyst and that is provided in
the exhaust pipe 16 on the exhaust gas downstream side of the
second selective reduction catalyst 22.

In a ninth aspect of the present invention that is the inven-
tion based on the first aspect, as further shown in FIG. 1, the
first selective reduction catalyst 21 includes a honeycomb
carrier coated with a silver zeolite or a silver alumina.

In a tenth aspect of the present invention that is the inven-
tion based on the second aspect, as further shown in FIG. 9,
the second selective reduction catalyst 22 includes a honey-
comb carrier coated with a copper zeolite, an iron zeolite, or
a vanadium-based oxide.

In an eleventh aspect of the present invention that is the
invention based on the eighth aspect, as further shown in FIG.
9, the third selective reduction catalyst 23 includes a honey-
comb carrier coated with a noble metal.

In a twelfth aspect of the present invention that is the
invention based on the first aspect, the first selective reduction
catalyst 21 includes a honeycomb carrier coated with a silver
zeolite to which palladium is added or a silver alumina to
which palladium is added.
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Advantageous Effects of Invention

According to the exhaust gas purifier of the first aspect of
the present invention, a part of NO in the exhaust gas flowing
through the exhaust pipe is oxidized to NO, with the ozone
generated by the ozone generation device and is supplied to
the first selective reduction catalyst including the silver-based
catalyst. Since the above-described NO, has high reactivity
with the NOx reducing agent in the first selective reduction
catalyst, NOx in the exhaust gas can be efficiently decreased
in a relatively low temperature region where the exhaust gas
temperature is from 200 to 250° C. Meanwhile, the hydrocar-
bon-based liquid supplied by the hydrocarbon-based liquid
supply device is partially oxidized to the active reducing
agent including the oxygen-containing hydrocarbon such as
aldehyde and is supplied to the first selective reduction cata-
lyst including the silver-based catalyst. Since the above-de-
scribed active reducing agent including the oxygen-contain-
ing hydrocarbon such as aldehyde has higher reactivity as the
NOx reducing agent in the first selective reduction catalyst
than the gasified hydrocarbon-based liquid, NOx in the
exhaust gas can be efficiently decreased within the relatively
wide temperature range where the exhaust gas temperature is
from 250 t0 500° C. As a result, NOx in the exhaust gas can be
efficiently decreased over a wide temperature range where the
exhaust gas temperature is from 200 to 500° C.

Also, as compared with the conventional exhaust purifier
of an internal combustion engine requiring a concentration
device that houses an adsorbent for adsorbing a hydrocarbon
and NOx and that concentrates a harmful component in an
exhaust gas, in the present invention, not only NO in the
exhaust gas can be oxidized to NO, with ozone, but also the
hydrocarbon-based liquid can be partially oxidized with
ozone to the active reducing agent including the oxygen-
containing hydrocarbon such as an aldehyde, without a con-
centration device that houses an adsorbent for adsorbing a
hydrocarbon and NOx and that concentrates a harmful com-
ponent in an exhaust gas. Furthermore, as compared with the
conventional exhaust purifier of the internal combustion
engine in which a hydrocarbon supply device that positively
supplies hydrocarbon to an exhaust pipe is not provided; a
small amount of the hydrocarbon to be adsorbed onto the
adsorbent leads to that a small amount of the oxygen-contain-
ing hydrocarbon such as aldehyde, which is obtained by par-
tial oxidation of the hydrocarbon with ozone, and the selec-
tive reduction catalyst cannot sufficiently exhibit a NOx
decreasing performance, in the present invention, by posi-
tively supplying the hydrocarbon-based liquid by means of
the hydrocarbon-based liquid supply device, the amount of
the active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde, which is obtained by the par-
tial oxidation ofthe hydrocarbon-based liquid with the ozone,
can be sufficiently ensured, and therefore, the first selective
reduction catalyst can sufficiently exhibit the NOx decreasing
performance.

According to the exhaust gas purifier of the second aspect
of the present invention, a part of NO in the exhaust gas
flowing through the exhaust pipe is oxidized to NO, with the
ozone generated by the ozone generation device and is sup-
plied to the first selective reduction catalyst including the
silver-based catalyst. Since the above-described NO, has
high reactivity with the NOx reducing agent in the first selec-
tive reduction catalyst, NOx in the exhaust gas can be effi-
ciently decreased in the relatively low temperature region
where the exhaust gas temperature is from 200 to 250° C.
Meanwhile, the part of the hydrocarbon-based liquid sup-
plied by the hydrocarbon-based liquid supply device is par-
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tially oxidized to the active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde and sup-
plied to the first selective reduction catalyst including the
silver-based catalyst. Since the above-described active reduc-
ing agent including the oxygen-containing hydrocarbon such
as aldehyde has higher reactivity as the NOx reducing agent
in the first selective reduction catalyst than the gasified hydro-
carbon-based liquid, NOx in the exhaust gas can be efficiently
decreased within a relatively wide temperature range where
the exhaust gas temperature is from 250 to 500° C. Further-
more, when a surplus of the hydrocarbon-based liquid flows
into the silver-based first selective reduction catalyst together
with the exhaust gas containing NOX in a state where the
exhaust gas temperature is in the range of from 250 to 500° C.,
ammonia is generated on this first selective reduction cata-
lyst. When this exhaust gas containing ammonia flows into
the copper-based, iron-based, or vanadium-based second
selective reduction catalyst, ammonia and NOx react with
each other on this second selective reduction catalyst,
whereby a reduction reaction of NOx and an oxidation reac-
tion of ammonia are promoted, and therefore, the efficiency
for decreasing NOx in the exhaust gas in a high temperature
region of the exhaust gas can be enhanced. As a result, not
only the release of ammonia into the atmosphere can be
prevented, but also NOx in the exhaust gas can be efficiently
decreased over a wide range of exhaust gas temperatures.

According to the exhaust gas purifier of the third aspect of
the present invention, the hydrocarbon-based liquid supply
device is connected to the exhaust pipe on the exhaust gas
upstream side of the first selective reduction catalyst, and the
ozone generation device is connected to the exhaust pipe on
the exhaust gas upstream side of the first selective reduction
catalyst. Therefore, NOx in the exhaust gas can be relatively
efficiently decreased over a wide range of exhaust gas tem-
peratures by means of a relatively simple piping configura-
tion.

According to the exhaust gas purifier of the fourth aspect of
the present invention, when the hydrocarbon-based liquid
supplied by the hydrocarbon-based liquid supply device is
mixed with the ozone generated by ozone generation device
in the intermediate portion of the gas supply unit, the hydro-
carbon-based liquid is partially oxidized, with a part of ozone,
to the active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde. At that time, since ozone with
ahigh concentration and the hydrocarbon-based liquid with a
high concentration can be mixed, the reaction between ozone
and the hydrocarbon-based liquid becomes fast, whereby the
partial oxidation of the hydrocarbon-based liquid to the active
reducing agent with ozone can be promoted. When this par-
tially oxidized active reducing agent is supplied to the exhaust
pipe, since the reactivity of the active reducing agent as the
NOx reducing agent in the first selective reduction catalyst is
higher than that of the gasified hydrocarbon-based liquid,
NOx in the exhaust gas can be efficiently decreased within the
relatively wide temperature range where the exhaust gas tem-
perature is from 250 to 500° C. Also, of the ozone generated
by the ozone generation device, the remaining ozone which is
not used for the partial oxidation of the above-described
hydrocarbon-based liquid to the active reducing agent is sup-
plied to the exhaust pipe as it is, and a part of NO in the
exhaust gas flowing through the exhaust pipe is oxidized to
NO, with this ozone. When this oxidized NO, is supplied to
the first selective reduction catalyst, since this NO, has high
reactivity with the NOx reducing agent (the gasified hydro-
carbon-based liquid or the active reducing agent) in the first
selective reduction catalyst, NOx in the exhaust gas can be
efficiently decreased in the relatively low temperature region
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where the exhaust gas temperature is from 200 to 250° C. As
a result, NOx in the exhaust gas can be further efficiently
decreased over the wide range of exhaust gas temperatures.

According to the exhaust gas purifier of the fifth aspect of
the present invention, when a part of NO in the exhaust gas
flowing through the exhaust pipe is oxidized to NO, with the
ozone generated by the first ozone generation device and this
oxidized NO, is supplied to the first selective reduction cata-
lyst, since this NO, has high reactivity with the NOx reducing
agent (the gasified hydrocarbon-based liquid or the active
reducing agent) in the first selective reduction catalyst, NOx
in the exhaust gas can be efficiently decreased in the relatively
low temperature region where the exhaust gas temperature is
from 200 to 250° C. Also, when the hydrocarbon-based liquid
supplied by the hydrocarbon-based liquid supply device is
mixed with ozone generated by the second ozone generation
device in the intermediate portion of the gas supply device,
the above-described hydrocarbon-based liquid is partially
oxidized with ozone to the active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde. At that
time, since ozone with a high concentration and the hydro-
carbon-based liquid with a high concentration can be mixed,
the reaction between the ozone and the hydrocarbon-based
liquid becomes fast, whereby the partial oxidation of the
hydrocarbon-based liquid to the active reducing agent with
the ozone can be promoted. When this partially oxidized
active reducing agent is supplied to the exhaust pipe, since the
reactivity of the active reducing agent as the NOx reducing
agent in the first selective reduction catalyst is higher than that
of'the gasified hydrocarbon-based liquid, NOx in the exhaust
gas can be efficiently decreased within the relatively wide
temperature range where the exhaust gas temperature is from
250 to 500° C. As a result, NOx in the exhaust gas can be
further efficiently decreased over the wide range of exhaust
gas temperatures.

According to the exhaust gas purifier of the sixth aspect of
the present invention, since the hydrocarbon-based liquid
supplied from the hydrocarbon-based liquid supply device is
mixed with the ozone generated by the ozone generation
device in the mixing chamber, the hydrocarbon-based liquid
can be efficiently mixed with the ozone. As a result, the
hydrocarbon-based liquid can be efficiently partially oxi-
dized to the active reducing agent including the oxygen-
containing hydrocarbon such as aldehyde.

According to the exhaust gas purifier of the seventh aspect
of the present invention, since the hydrocarbon-based liquid
supplied from the hydrocarbon-based liquid supply device is
mixed with the ozone generated by the second ozone genera-
tion device in the mixing chamber, the hydrocarbon-based
liquid can be efficiently mixed with ozone. As a result, the
hydrocarbon-based liquid can be efficiently partially oxi-
dized to the active reducing agent including the oxygen-
containing hydrocarbon such as aldehyde.

According to the exhaust gas purifier of the eighth aspect of
the present invention, the third selective reduction catalyst
including the noble metal-based catalyst is provided in the
exhaust pipe on the exhaust gas downstream side of the sec-
ond selective reduction catalyst. Therefore, when the hydro-
carbon-based liquid is injected from a liquid injection nozzle
in a low temperature region of the exhaust gas, the residue of
the hydrocarbon-based liquid consumed as the reducing
agent by the first and second selective reduction catalysts
reacts with NOx in the exhaust gas on the noble metal-based
third selective reduction catalyst capable of exhibiting the
performance for reducing NOx in the exhaust gas. As aresult,
the NOXx is rapidly reduced on the third selective reduction
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catalyst, and therefore, NOx can be efficiently decreased in a
low temperature region of the exhaust gas.

According to the exhaust gas purifier of the twelfth aspect
of the present invention, by using the silver-based catalyst to
which palladium is added as the first selective reduction cata-
lyst, the performance of decreasing NOx in the exhaust gas at
the relatively low temperature of the exhaust gas temperature
can be enhanced as compared with the case where a silver-
based catalyst to which palladium is not added.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram showing an exhaust gas
purifier of a first embodiment of the present invention.

FIG. 2 is an air circuit configuration diagram of an ozone
generation device that is used in the exhaust gas purifier.

FIG. 3 is a section view showing the ozone generation
device taken along an A-A line in FIG. 4.

FIG. 4 is a section view showing the ozone generation
device take along a B-B line in FIG. 3.

FIG. 5 is a main portion enlarged section view of a hollow
fiber constituting a water vapor separation membrane of a
dryer.

FIG. 6 is a main portion enlarged section view of a hollow
fiber constituting an oxygen enrichment membrane of an air
separator.

FIG. 7 is a configuration diagram showing an exhaust gas
purifier of a second embodiment of the present invention.

FIG. 8 is a configuration diagram showing an exhaust gas
purifier of a third embodiment of the present invention.

FIG. 9 is a configuration diagram showing an exhaust gas
purifier of a fourth embodiment of the present invention.

FIG. 10 is a configuration diagram showing an exhaust gas
purifier of a fifth embodiment of the present invention.

FIG. 11 is a configuration diagram showing an exhaust gas
purifier of a sixth embodiment of the present invention.

FIG. 12 is a graph showing a change of NOx decrease rate
with a change of exhaust gas temperature when exhaust gas
purifiers of examples 1 to 3 and a comparative example 1 are
used.

FIG. 13 is a graph showing a change of NOx decrease rate
with a change of exhaust gas temperature when exhaust gas
purifiers of examples 1 and 4 are used.

FIG. 14 is a graph showing a change of NOx decrease rate
with a change of exhaust gas temperature when exhaust gas
purifiers of examples 5 to 7 and a comparative Example 2 are
used.

FIG. 15 is a graph showing a change of NOx decrease rate
with a change of exhaust gas temperature when exhaust gas
purifiers of examples 5 and 8 are used.

DESCRIPTION OF EMBODIMENTS

Next, embodiments of the present invention will be
described based on the accompanying drawings.

First Embodiment

As shown in FIG. 1, an air intake pipe 13 is connected to an
air intake port of an engine 11 via an air intake manifold 12,
and an exhaust pipe 16 is connected to an exhaust port of the
engine 11 via an exhaust manifold 14. The air intake pipe 13
is provided with a compressor housing 17a of a turbo super-
charger 17 and an inter cooler 18 that cools the intake air
compressed by the turbo supercharger 17, and the exhaust
pipe 16 is provided with a turbine housing 175 of the turbo
supercharger 17. A compressor blade (not shown) is rotatably
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housed in the compressor housing 174, and a turbine blade
(not shown) is rotatably housed in the turbine housing 175.
The compressor blade and the turbine blade are connected to
each other by a shaft (not shown), energy of an exhaust gas
discharged from the engine 11 rotates the turbine blade and
the compressor blade via the shaft, and the intake air within
the air intake pipe is compressed by means of rotation of this
compressor blade.

A first selective reduction catalyst 21 including a silver-
based catalyst is provided in the exhaust pipe 16. The first
selective reduction catalyst 21 is housed in a casing 19 having
a larger diameter than the exhaust pipe 16. The first selective
reduction catalyst 21 is a monolith catalyst and is configured
by coating a cordierite honeycomb carrier with silver zeolite
or silver alumina. Specifically, the first selective reduction
catalyst 21 including silver zeolite is configured by coating a
honeycomb carrier with a slurry containing a zeolite powder
having been ion-exchanged with silver. Also, the first selec-
tive reduction catalyst 21 including silver alumina is config-
ured by coating a honeycomb carrier with a slurry containing
a y-alumina powder or 8-alumina powder having silver sup-
ported thereon. It is noted that in this embodiment, while the
silver-based catalyst is used as the first selective reduction
catalyst, a silver-based catalyst having palladium added
thereto may be used. That is, the first selective reduction
catalyst including a silver-based catalyst having palladium
added thereto is a monolith catalyst and is configured by
coating a cordierite honeycomb carrier with silver zeolite or
silver alumina to which palladium is added. Specifically, the
first selective reduction catalyst including silver zeolite to
which palladium is added is configured by coating a honey-
comb carrier with a slurry containing a zeolite powder having
been ion-exchanged with silver and palladium. Also, the first
selective reduction catalyst including silver alumina having
palladium added thereto is configured by coating a honey-
comb carrier with a slurry containing a y-alumina powder or
0-alumina powder having silver and palladium supported
thereon. By using a silver-based catalyst having palladium
added thereto as the first selective reduction catalyst, a per-
formance of decreasing NOx in an exhaust gas at a relatively
low temperature of the exhaust gas temperature can be
enhanced as compared with the case where a silver-based
catalyst is used to which palladium is not added.

Meanwhile, the exhaust pipe 16 on an exhaust gas
upstream side of the first selective reduction catalyst 21 is
connected to a hydrocarbon-based liquid supply device 24
that injects (supplies) a hydrocarbon-based liquid 20 to this
exhaust pipe 16. The hydrocarbon-based liquid supply device
24 includes a liquid injection nozzle 25 extending to the
inside of the exhaust pipe 16 on the exhaust gas upstream side
of'the first selective reduction catalyst 21, a liquid supply pipe
26 having a tip end which is connected to the liquid injection
nozzle 25, a liquid tank 27 that is connected to a base end of
this liquid supply pipe 26 and that stores the hydrocarbon-
based liquid 20, a liquid pump 28 that forcedly supplies the
hydrocarbon-based liquid 20 within this liquid tank 27 to the
liquid injection nozzle 25, and a liquid supply amount regu-
lation valve 29 that regulates a supply amount (injection
amount) of the hydrocarbon-based liquid 20 which is injected
from the liquid injection nozzle 25. In this embodiment, light
oil that is fuel of the diesel engine 11 is used as the above-
described hydrocarbon-based liquid 20. Thereby, the liquid
tank 27, which stores the hydrocarbon-based liquid 20, can
also serve as a fuel tank of the engine 11. Also, the above-
described liquid pump 28 is provided in the liquid supply pipe
26 between the liquid injection nozzle 25 and the liquid tank
27, and the liquid supply amount regulation valve 29 is pro-
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vided in the liquid supply pipe 26 between the liquid injection
nozzle 25 and the liquid pump 28. Furthermore, the liquid
supply amount regulation valve 29 includes a liquid pressure
regulation valve 31 that is provided in the liquid supply pipe
26 and that regulates a supply pressure of the hydrocarbon-
based liquid 20 to the liquid injection nozzle 25 and a liquid
on-off valve 32 that is provided at the base end of the liquid
injection nozzle 25 and that opens and closes the base end of
the liquid injection nozzle 25.

The liquid pressure regulation valve 31 is a three-way valve
having first to third ports 31a to 31c. The first port 31a is
connected to a discharge port of the liquid pump 28, the
second port 315 is connected to the liquid on-off valve 32, and
the third port 31¢ is connected to the liquid tank 27 via a return
pipe 33. When the liquid pressure regulation valve 31 is
driven, the liquid-based liquid 20 forcedly supplied from the
liquid pump 28 flows from the first port 31a into the liquid
pressure regulation valve 31, and after being regulated to a
predetermined pressure by this liquid pressure regulation
valve 31, the liquid-based liquid 20 is forcedly supplied from
the second port 315 into the liquid on-off valve 32. Also, when
the driving of the liquid pressure regulation valve 31 is
stopped, the hydrocarbon-based liquid 20 forcedly supplied
by the liquid pump 28 flows from the first port 31a into the
liquid pressure regulation valve 31, and thereafter, the liquid-
based liquid 20 goes through the return pipe 33 from the third
port 31¢ and is returned to the liquid tank 27.

Meanwhile, an ozone generation device 40 that generates
ozone is connected to the exhaust pipe 16 on the exhaust gas
upstream of the first selective reduction catalyst 21 and on a
exhaust gas downstream side of the liquid injection nozzle 25
via an ozone supply device 37 (FIG. 1). The ozone supply
device 37 includes an ozone injection nozzle 38 extending to
the exhaust pipe 16 on the exhaust gas upstream side of the
first selective reduction catalyst 21 and on the exhaust gas
downstream side of the liquid injection nozzle 25, and an
ozone supply pipe 39 having a tip end that is connected to the
ozone injection nozzle 38 and a base end that is connected to
the ozone generation device 40. It is noted that in this embodi-
ment, although the ozone generation device is connected to
the exhaust pipe on the exhaust gas upstream side of the first
selective reduction catalyst and on the exhaust gas down-
stream side of the liquid injection nozzle via the ozone supply
device, the ozone generation device may be connected to the
exhaust pipe on the exhaust gas upstream side of the first
selective reduction catalyst and on the exhaust gas upstream
side of the liquid injection nozzle via the ozone supply device.

As shown in FIGS. 2 to 4, the above-described ozone
generation device 40 includes a compressor 41 that com-
presses air in the atmosphere, a dryer 42 that dries the com-
pressed air compressed by this compressor 41, and an ozone
generator 43 that converts a part of oxygen in the compressed
air dried by this dryer 42 into ozone. In this embodiment, the
compressor 41 is configured to be driven by a battery having
adirect current voltage of 24 V. It is noted that in this embodi-
ment, while the compressor is driven by the battery having the
direct current voltage of 24 V, the compressor may be driven
by a crankshaft of the engine, or so far as a hybrid vehicle is
concerned, it may be driven by a battery having a direct
current voltage of from 200 to 300 V.

The dryer 42 is configured so that a water vapor separation
membrane 42a (FIG. 5) through which a water vapor (mois-
ture) easily permeates and air hardly permeates is housed in a
cylindrical housing 42d. This water vapor separation mem-
brane 42a is, for example, formed by bundling aromatic poly-
imide asymmetric hollow fibers 424 (the hollow fiber 425 has
a through hole 42¢ which is formed in the center thereof and
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has an asymmetric coarse-dense structure in the membrane
thickness direction) having a membrane thickness of 100 um,
an outer diameter of 500 pm, and a length of 450 mm. The
water vapor separation membrane 42a extends in a longitu-
dinal direction of the housing 424 and is housed in the hous-
ing 424 (FIGS. 2 to 4). Also, an air inlet 42¢ that introduces
the air compressed by the compressor 41 is formed on the
bottom of the housing 424, and an air outlet 42f that dis-
charges the compressed air dried by the dryer 42 is formed on
the top of the housing 42d (FIG. 3). The air inlet 42¢ is
connected to a lower end of the respective hollow fibers 425
of the water vapor separation membrane 42a, and the air
outlet 42f is connected to an upper end of the respective
hollow fibers 425 of the water vapor separation membrane
42a, whereby the air inlet 42¢ and the air outlet 42f are
communicated with and connected to the through hole 42¢ of
the respective hollow fibers 4256. Furthermore, a purge gas
inlet 42g that introduces a nitrogen-rich gas which serves as a
purge gas and which will be described later is formed in an
upper part of the side wall of the housing 424, and a purge gas
outlet 42/ that discharges the nitrogen-rich gas, which serves
the purge gas, together with a water vapor (moisture) is
formed in a lower part of the side wall of the housing 42d.
Then, the configuration is made such that the nitrogen-rich
gas introduced from the purge gas inlet 42g passes through
the outer periphery of the hollow fiber 4256 of the water vapor
separation membrane 42a and is discharged from the purge
gas outlet 42/.

Here, when the compressed air containing a water vapor
(moisture) flows within the through hole 42¢ (the through
hole 42¢ is, for example, formed to have an inner diameter of
300 um) of each hollow fiber 425 of the water vapor separa-
tion membrane 42a, the water vapor in the compressed air
flowing through the through hole 42¢ permeates from the
inner surface side of the membrane of the hollow fiber 425
with a higher water vapor partial pressure into the outer
surface side of the membrane of the hollow fiber 425 with a
lower water vapor partial pressure while utilizing a difference
in water vapor partial pressure present on the inner surface
side and the outer surface side of the membrane of the hollow
fiber 4256. Therefore, the water vapor in the compressed air
flowing through the through hole 42¢ of the hollow fiber 425
decreases, and the dried compressed air is discharged from
the air outlet 42f

In this embodiment, a silent discharge type ozone genera-
tion device is used as the ozone generator 43 (FIGS. 2 and 3).
Specifically, while illustration is omitted, the ozone generator
43 is configured so that a high-frequency high voltage is
applied between a pair of electrodes which are arranged in
parallel to each other with a predetermined gap, and one or
both of which are covered by a dielectric, to thereby generate
plasma discharge, and a part of oxygen contained in the air is
converted into ozone by means of this plasma discharge.

Meanwhile, an air separator 44 is provided between the
dryer 42 and the ozone generator 43 (FIGS. 2 and 3). This air
separator 44 is configured so that an oxygen enrichment
membrane 44a (FIG. 6) having such properties that an oxy-
gen gas more easily permeates therethrough than a nitrogen
gas in the air is housed in a cylindrical housing 44d. The
oxygen enrichment membrane 44a is configured so as to
separate the compressed air dried by the dryer 42 into an
oxygen-rich gas having a high oxygen concentration and a
nitrogen-rich gas having a high nitrogen concentration. Spe-
cifically, the oxygen enrichment membrane 44a is formed by
bundling hollow fibers 445, each of which has a polymer
selectively allowing an oxygen gas to more permeate there-
through than a nitrogen gas and in which a through hole 44¢
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is formed in the center thereof, and the oxygen enrichment
membrane 44a extends in the longitudinal direction of the
housing 444 and is housed in the housing 44d. Also, the
hollow fibers 445 constituting the oxygen enrichment mem-
brane 44a are preferably made of a glassy polymer having a
large degree of separation between an oxygen gas and a
nitrogen gas, and more preferably made of a polyimide hav-
ing an especially large degree of separation between an oxy-
gen gas and a nitrogen gas and having excellent mechanical
strength, heat resistance, and durability, and so on. In addi-
tion, the membrane of the hollow fiber 445 constituting the
oxygen enrichment membrane 44a may be a homogeneous
membrane having a uniform density in the membrane thick-
ness direction, or a composite membrane which is formed so
that the density in the membrane thickness direction is not
uniform by inserting plural hollow fibers having different
inner diameter, outer diameter, and density may also be used.
However, it is preferable to use an asymmetric membrane
having a large permeation rate by allowing it to have an
asymmetric coarse-dense structure in the membrane thick-
ness direction. Furthermore, it is preferable that the mem-
brane thickness of the hollow fiber 445 is in a range of from 10
um to 500 pm and that the outer diameter of the hollow fiber
445 is in a range of from 50 um to 2000 pm.

A dry air inlet 44¢ that introduces the compressed air dried
by the dryer 42 is formed on the top of the housing 444, which
houses the oxygen enrichment membrane 44a, and a nitro-
gen-rich gas outlet 44f that discharges the nitrogen-rich gas
separated by the air separator 44 is formed on the bottom of
the housing 44d (FIG. 3). The dry air inlet 44e is connected to
an upper end of each hollow fiber 445 of the oxygen enrich-
ment membrane 44a, and the nitrogen-rich gas outlet 44f'is
connected to a lower end of each hollow fiber 445 of the
oxygen enrichment membrane 44a, whereby the dry air inlet
44e¢ and the nitrogen-rich gas outlet 44f are communicated
with and connected to the through hole 44¢ of each hollow
fiber 44b. Also, an oxygen-rich gas outlet 44¢ that discharges
the oxygen-rich gas is formed on a lower part of the side wall
of the housing 44d, which houses the oxygen enrichment
membrane 44a. The configuration is made such that the oxy-
gen-rich gas whose oxygen concentration has become high
by passage through the membrane of the hollow fibers 445 of
the oxygen enrichment membrane 44a is discharged from the
oxygen-rich gas outlet 44g.

Here, a principle of separating the dried compressed air
into an oxygen-rich gas having a high oxygen concentration
and a nitrogen-rich gas having a high nitrogen concentration
by the oxygen enrichment membrane 44a will be described.
When the dried compressed air flows through the through
hole 44c¢ of each hollow fiber 445 of the oxygen enrichment
membrane 44a, the membrane of the hollow fibers 445 causes
thermal vibration to form gaps through which the gas passes,
and therefore, oxygen molecules and nitrogen molecules in
the compressed air are taken into the above-described gaps.
At that time, the thickness of the oxygen enrichment mem-
brane 44aq is formed relatively thin, and a ratio of the oxygen
molecules to permeate through the membrane of the hollow
fibers 445 is 2.5 times as large as that of the nitrogen molecule
to permeate through the membrane of the hollow fibers 445.
Therefore, the oxygen molecule rapidly permeates from the
inner surface side of the membrane of the hollow fibers 445 at
which a partial pressure is high into the outer surface side of
the membrane of the hollow fibers 445 at which the partial
pressure is low. Thereby, the oxygen concentration on the
outer surface side of the membrane of the hollow fibers 445
becomes high, whereas the oxygen concentration on the inner
surface side of the membrane of the hollow fibers 444
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becomes low. As a result, the oxygen-rich gas is generated by
passage of the compressed air through the oxygen enrichment
membrane 44a, and the nitrogen-rich gas is generated from
the compressed air without passing through the oxygen
enrichment membrane 44a. It is noted that the gaps formed in
the membrane of the hollow fibers 445 by means of the
above-described thermal vibration are about 5 nm in size.

Meanwhile, the discharge port of the compressor 41 is
connected to the air inlet 42¢ of the dryer 42 by a first supply
pipe 51, and the air outlet 42f of the dryer 42 is connected to
the dry air inlet 44e of the air separator 44 by a second supply
pipe 52 (FIGS. 2 to 4). Also, the oxygen-rich gas outlet 44g of
the air separator 44 is connected to an oxygen-rich gas inlet
43a of the ozone generator 43 by a third supply pipe 53, and
one end of a fourth supply pipe 54 is connected to an ozone
outlet 435 of the ozone generator 43. Also, the nitrogen-rich
gas outlet 44f of the air separator 44 is connected to the purge
gas inlet 42g of the dryer 42 by a purge pipe 46, and one end
of'a drain pipe 47 is connected to the purge gas outlet 42/ of
the dryer 42. Furthermore, an air tank 48 that stores the
compressed air compressed by the compressor 41 is provided
in the first supply pipe 51, and a flow rate regulation valve 49
that regulates the flow rate of the nitrogen-rich gas passing
through the purge pipe 46 is provided in the purge pipe 46.
The above-described air tank 48 is provided for the purposes
of'supplying a sufficient amount of compressed air into the air
separator 44 and relieving a pressure change of the com-
pressed air even if the flow rates of the oxygen-rich gas and
the nitrogen-rich gas abruptly change. It is noted that in FIGS.
2 and 3, a reference sign 56 indicates a check valve provided
in the fourth supply pipe 54. The configuration is made such
that this check valve 56 allows ozone to flow from the ozone
generator 43 into an ozone injection nozzle 38 which will be
described later and inhibits flowing of the ozone or exhaust
gas from the ozone injection nozzle 38 into the ozone gen-
erator 43. Also, in FIG. 4, a reference sign 57 indicates a
high-voltage power source device that supplies an electric
power to the ozone generator 43, and in FIGS. 3 and 4, a
reference sign 58 indicates a casing that houses the respective
members of the ozone generation device 40. Furthermore, in
FIG. 3, reference signs 59, 59 indicate fans that cool the ozone
generator 43.

Referring back to FIG. 1, a temperature sensor 61 that
detects a temperature of the exhaust gas immediately before
flowing into the first selective reduction catalyst 21 is pro-
vided in the exhaust pipe 16 on the exhaust gas upstream side
of' the first selective reduction catalyst 21 and on the exhaust
gas downstream side of the liquid injection nozzle 25. Also, a
revolution speed of the engine 11 is detected by a rotation
sensor 62, and a load of the engine 11 is detected by a load
sensor 63. Each of detection outputs of the temperature sensor
61, the rotation sensor 62, and the load sensor 63 is connected
to a control input of a controller 64, and control outputs of the
controller 64 are connected to the high-voltage power source
device 57, the flow rate regulation valve 49, the ozone gen-
erator 43, the liquid pump 28, the liquid pressure regulation
valve 31, and the liquid on-off valve 32, respectively. A
memory 66 is provided in the controller 64. The memory 66
stores, in advance as a map, presence or absence of actuation
of the compressor 41, an opening degree of the flow rate
regulation valve 49, presence or absence of actuation of the
ozone generator 43 to be driven by the high-voltage power
source device 57, presence or absence of actuation of the
liquid pump 28, an opening degree of the liquid pressure
regulation valve 31, and the number of times the liquid on-off
valve 32 opens and closes per unit time in association with the
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revolution speed of the engine, the load of the engine, and the
exhaust gas temperature at the inlet of the first selective reduc-
tion catalyst 21.

The operation of the thus configured exhaust gas purifier
will be described. When the engine 11 is started and the
exhaust gas temperature becomes relatively high and reaches
200° C. or higher, based on each of the detection outlets of the
temperature sensor 61, the rotation sensor 62, and the load
sensor 63, the controller 64 drives the compressor 41 of the
ozone generation device 40, opens the flow rate regulation
valve 49 at a predetermined opening degree, actuates the
ozone generator 43 by the high-voltage power source device
57, drives the liquid pump 28 of the hydrocarbon-based liquid
supply device 24, opens the liquid pressure regulation valve
31 at a predetermined opening degree, and opens and closes
the liquid on-off valve 32. When the compressor 41 of the
ozone generation device 40 is driven, the air is compressed
and stored in the air tank 48. This compressed air is dried upon
removal of a water vapor (moisture) by the dryer 42, and this
dried compressed air is separated into an oxygen-rich gas
having a high oxygen concentration and a nitrogen-rich gas
having a high nitrogen concentration by the air separator 44.
The oxygen-rich gas separated by the air separator 44 is
supplied to the ozone generator 43, a part of oxygen in the
oxygen-rich gas is converted into ozone by the ozone genera-
tor 43, and this ozone passes through the fourth supply pipe
54 and the ozone supply pipe 39 and is supplied to the ozone
injection nozzle 38. Meanwhile, the nitrogen-rich gas sepa-
rated by the air separator 44 passes through the purge pipe 46
and is supplied to the dryer 42 and is then discharged from the
drain pipe 47 together with a water vapor (moisture) sepa-
rated by the dryer 42. In this way, since the dryer 42 is
regenerated by using the nitrogen-rich gas, which is unnec-
essary for generating ozone, without using an oxygen-rich
gas which is necessary for generating ozone, the dryer 42 can
be efficiently regenerated. Also, since the air compressed by
the compressor 41 may not be used directly for the purpose of
regenerating the dryer 42, a consumption amount of air com-
pressed by the compressor 41 can be suppressed. As a result,
since the discharge capacity of the compressor 41 can be
decreased, it is possible to achieve downsizing of the com-
pressor 41.

Also, when the oxygen-rich gas increases, the water vapor
amount (moisture amount) in the compressed air to be
removed by the dryer 42 also increases. However, in that case,
since the opening degree of the flow rate regulation valve 49
is made large, the nitrogen-rich gas which is separated by the
air separator 44 also increases. Therefore, the increased water
vapor (moisture) within the dryer 42 can be removed by this
increased nitrogen-rich gas. As a result, even if the oxygen-
rich gas increases or decreases, the nitrogen-rich gas
increases or decreases following this increase or decrease of
the oxygen-rich gas, and therefore, the dryer 42 can be effi-
ciently regenerated. Also, since a regulator that regulates the
pressure of the compressed air compressed by the compressor
41 is not be used, the ozone generation device 40 can be
configured of a relatively small number of components. Also,
since the passage resistance of the compressed air can be
decreased, the compressor 41 can be made smaller. Also, even
if a hydrocarbon is present in the compressed air compressed
by the compressor 41 and this hydrocarbon attaches or does
not attach to the oxygen enrichment membrane 44a, the oxy-
gen-rich gas and the nitrogen-rich gas can be surely separated
from each other by the oxygen enrichment membrane 44a. As
a result, regardless of whether or not a hydrocarbon attaches
to the oxygen enrichment membrane 44a, a separation per-
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formance of the oxygen enrichment membrane 44a between
the oxygen-rich gas and the nitrogen-rich gas is not lowered.

Meanwhile, the ozone supplied to the ozone injection
nozzle 38 is injected (supplied) from the ozone injection
nozzle 38 to the exhaust pipe 16. Then, a part of NO in the
exhaust gas is oxidized with this ozone to NO, as expressed
by the following formula (1). When the exhaust gas tempera-
ture is in a range of from 200 to 250° C., this NO, has such
properties that in the first selective reduction catalyst 21, its
reactivity with the NOx reducing agent (a gasified hydrocar-
bon-based liquid or an active reducing agent including an
oxygen-containing hydrocarbon containing either or both of
aldehyde or alcohol which will be described later) becomes
high.

0;+NO—0,+NO, o)

Also, when the liquid pump 28 is driven, when the liquid
pressure regulation valve 31 is opened at a predetermined
opening degree, and when the liquid on-off valve 32 is opened
and closed, the hydrocarbon-based liquid 20 passes through
the liquid supply pipe 26 and is intermittently injected (sup-
plied) into the exhaust pipe 16. This hydrocarbon-based lig-
uid 20 supplied to the exhaust pipe 16 is partially oxidized to
the active reducing agent including the an oxygen-containing
hydrocarbon containing either or both of aldehyde or alcohol
with ozone which is generated by the ozone generation device
40 and supplied to the exhaust pipe 16 by the ozone supply
device 37. When the exhaust gas temperature is in a range of
from 250 to 500° C., this active reducing agent has a function
to enhance the reactivity as a NOx reducing agent for reduc-
ing NOx (NO and NO,) in the exhaust gas to N, in the first
selective reduction catalyst 21. Here, examples of the alde-
hyde include acetaldehyde, formaldehyde, and the like, and
examples of the alcohol include methyl alcohol, ethyl alco-
hol, and the like. It is noted that an oxygen atom in ozone has
high reactivity, and therefore, in the case where it reacts with
a saturated hydrocarbon-based liquid such as light oil, etc., an
oxygen-containing hydrocarbon such as a partially oxidized
material of hydrocarbon (aldehyde, alcohol, etc.), etc. is gen-
erated.

If the exhaust gas temperature is within the range of from
200 to 250° C., the controller 64 controls the compressor 41,
the flow rate regulation valve 49, and the high-voltage power
source device 57 of the ozone generation device 40, respec-
tively, to thereby supply a relatively small amount of ozone to
the exhaust pipe 16. Also, the controller 64 controls the liquid
pressure regulation valve 31 and the liquid on-off valve 32 of
the hydrocarbon-based liquid supply device 24, respectively,
to thereby supply a relatively small amount of the hydrocar-
bon-based liquid 20 to the exhaust pipe 16. When NOx in
which a part of NO has been oxidized to NO, with ozone, the
relatively small amount of gasified hydrocarbon-based liquid,
and the relatively small amount of active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde which has been partially oxidized with ozone are sup-
plied to the first selective reduction catalyst 21, NO, in NOx
relatively actively reacts with the NOx reducing agent (the
gasified hydrocarbon-based liquid or the active reducing
agent including the oxygen-containing hydrocarbon such as
aldehyde) and is reduced to N,,.

If the exhaust gas temperature increases in the range of
from 200 to 250° C., the controller 64 controls the compressor
41, the flow rate regulation valve 49, and the high-voltage
power source device 57 of the ozone generation device 40,
respectively, to thereby increase the supply amount of ozone
to the exhaust pipe 16. Also, the controller 64 controls the
liquid pressure regulation valve 31 and the liquid on-off valve
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32 of the hydrocarbon-based liquid supply device 24, respec-
tively, to thereby increase the supply amount of hydrocarbon-
based liquid 20 to the exhaust pipe 16. When NOX containing
NO,, the amount of which has been increased by the increase
of'the ozone supply amount, a relatively small amount of the
gasified hydrocarbon-based liquid, and the active reducing
agent including the oxygen-containing hydrocarbon such as
aldehyde, the amount of which has been increased by the
increase of the ozone supply amount, are supplied to the first
selective reduction catalyst 21, NO, in NOx actively reacts
with the NOx reducing agent (the gasified hydrocarbon-based
liquid or the active reducing agent including the oxygen-
containing hydrocarbon such as aldehyde) and is reduced to
N,, and a decrease rate of NOx in the exhaust gas is abruptly
enhanced with an increase of the exhaust gas temperature.

Ifthe exhaust gas temperature is in the range of from 250 to
500° C., the controller 64 controls the compressor 41, the flow
rate regulation valve 49, and the high-voltage power source
device 57 of the ozone generation device 40, respectively, to
thereby slightly decrease the supply amount of ozone to the
exhaust pipe 16 as compared with the case where the exhaust
gas temperature is in the range of from 200 to 250° C. Also,
the controller 64 controls the liquid pressure regulation valve
31 and the liquid on-off valve 32 of the hydrocarbon-based
liquid supply device 24, respectively, to thereby make the
supply amount of hydrocarbon-based liquid 20 to the exhaust
pipe 16 be substantially equal to that in the case where the
exhaust gas temperature is in the range of from 200 to 250° C.
(it should be noted that its supply amount is changed accord-
ing to the exhaust gas flow rate). Here, the reason why the
supply amount of ozone to the exhaust pipe 16 is slightly
decreased is that if the exhaust gas temperature becomes high
as in the range of from 250 to 500° C., ozone is susceptible to
thermal decomposition, and therefore, even if ozone is sup-
plied to the exhaust pipe 16 at a high temperature, a part of NO
in the exhaust gas is hardly oxidized to NO, with ozone and
the hydrocarbon-based liquid 20 is hardly partially oxidized
to the active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde, etc. with ozone. When NOx
slightly containing NO, obtained by oxidation of a part of NO
with ozone, the slight amount of the active reducing agent
including an oxygen-containing hydrocarbon such as alde-
hyde, and the relatively large amount of the gasified hydro-
carbon-based liquid without being partially oxidized to the
active reducing agent including the slight amount of the oxy-
gen-containing hydrocarbon such as aldehyde with ozone are
supplied to the first selective reduction catalyst 21, NO, in
NOx reacts with the NOx reducing agent (the gasified hydro-
carbon-based liquid or the active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde) and is
reduced to N,. However, a decrease rate of NOx in the exhaust
gas gradually decreases with an increase of the exhaust gas
temperature. As a result, NOx in the exhaust gas can be
relatively efficiently decreased over a wide range of exhaust
gas temperatures from 200 to 500° C.

Second Embodiment

FIG. 7 shows a second embodiment of the present inven-
tion. In FIG. 7, the same reference signs as those in FIG. 1
indicate the same components. In this embodiment, the ozone
generation device 40 is connected to the exhaust pipe 16 on
the exhaust gas upstream side of the first selective reduction
catalyst 21 via a gas supply device 81. The gas supply device
81 includes a gas injection nozzle 82 that extends into the
exhaust pipe 16 on the exhaust gas upstream side of the first
selective reduction catalyst 21, and a gas supply pipe 83
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having a tip end connected to the gas injection nozzle 82 and
abase end connected to the ozone generation device 40. Also,
the hydrocarbon-based liquid supply device 24 is connected
to an intermediate portion of the gas supply device 81. That s,
a tip end of the liquid supply pipe 26 for the hydrocarbon-
based liquid 20 is connected to an intermediate portion of the
gas supply pipe 83. Furthermore, a mixing chamber 84 is
provided in a connection portion between the hydrocarbon-
based liquid supply device 24 and the gas supply device 81.
That is, the mixing chamber 84 is provided in a connection
portion between the liquid supply pipe 26 and the gas supply
pipe 83. This mixing chamber 84 includes a box 844 having a
mixer built therein, and a heater 845 that is provided on an
outer surface of this box 84a and that heats the inside of the
box 84a to about 250° C. With this configuration, ozone and
the hydrocarbon-based liquid can be efficiently mixed.
Except what is described above, the configuration is the same
as that in the first embodiment.

The operation of the thus configured exhaust gas purifier
will be described. If the exhaust gas temperature is in a range
of from 200 to 250° C., the controller 64 controls the com-
pressor, the flow rate regulation valve, and the high-voltage
power source device of the ozone generation device 40,
respectively, to thereby supply a relatively small amount of
ozone to the mixing chamber 84. Also, the controller 64
controls the liquid pressure regulation valve 31 and the liquid
on-off valve 32 of the hydrocarbon-based liquid supply
device 24, respectively, to thereby supply a relatively small
amount of the hydrocarbon-based liquid 20 to the mixing
chamber 84. At that time, the hydrocarbon-based liquid 20 is
gasified by the heater 845 of the mixing chamber 84. When
ozone and the hydrocarbon-based liquid 20 are mixed in the
mixing chamber 84, the hydrocarbon-based liquid 20 is effi-
ciently partially oxidized to an active reducing agent includ-
ing an oxygen-containing hydrocarbon such as aldehyde.
with a part of ozone. At that time, since ozone with a high
concentration and the hydrocarbon-based liquid 20 with a
high concentration can be mixed in the mixing chamber 84,
reaction between ozone and the hydrocarbon-based liquid 20
becomes fast, whereby the partial oxidation of the hydrocar-
bon-based liquid 20 to the active reducing agent with ozone
can be promoted. This partially oxidized active reducing
agent including the oxygen-containing hydrocarbon such as
aldehyde passes through the gas supply pipe 83 and is sup-
plied to the exhaust pipe 16. Also, of ozone supplied to the
mixing chamber 84, the remaining ozone which are not used
for the partial oxidation of the above-described hydrocarbon-
based liquid 20 to the active reducing agent is supplied to the
exhaust pipe 16 as it is, and a part of NO in the exhaust gas
flowing through the exhaust pipe 16 is oxidized to NO, with
this ozone. When NOx in which the part of NO has been
oxidized to NO, with ozone and a relatively small amount of
the active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde, which has been partially oxi-
dized with ozone, are supplied to the first selective reduction
catalyst 21, NO, in NOx relatively actively reacts with the
NOx reducing agent (the active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde) and is
reduced to N,.

If the exhaust gas temperature increases in the range of
from 200 to 250° C., the controller 64 controls the compres-
sor, the flow rate regulation valve, and the high-voltage power
source device ofthe ozone generation device 40, respectively,
to thereby increase the supply amount of ozone to the mixing
chamber 84. Also, the controller 64 controls the liquid pres-
sure regulation valve 31 and the liquid on-off valve 32 of the
hydrocarbon-based liquid supply device 24, respectively, to
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thereby increase the supply amount of hydrocarbon-based
liquid 20 to the mixing chamber 84. When ozone and the
hydrocarbon-based liquid 20 are mixed in the mixing cham-
ber 84, the amount of active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde, which is
obtained by partial oxidation of the hydrocarbon-based liquid
20 with a part of increased ozone, increases. Also, of ozone
supplied to the mixing chamber 84, the remaining ozone
which is not used for the partial oxidation of the above-
described hydrocarbon-based liquid 20 to the active reducing
agent also increases, and the amount of NO, obtained by
oxidation of a part of NO in the exhaust gas flowing through
the exhaust pipe 16 with this ozone increases as well. When
NOx containing NO,, the amount of which has been
increased, and the active reducing agent including the oxy-
gen-containing hydrocarbon such as aldehyde, the amount of
which has been increased, are supplied to the first selective
reduction catalyst 21, NO, in NOx actively reacts with the
NOx reducing agent (the active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde) and is
reduced to N, and a decrease rate of NOx in the exhaust gas
is abruptly enhanced with an increase of the exhaust gas
temperature.

Ifthe exhaust gas temperature is in the range of from 250 to
500° C., the controller 64 controls the compressor, the flow
rate regulation valve, and the high-voltage power source
device of the ozone generation device 40, respectively, to
thereby slightly decrease the supply amount of ozone to the
exhaust pipe 16 as compared with the case where the exhaust
gas temperature is in the range of from 200 to 250° C. Also,
the controller 64 controls the liquid pressure regulation valve
31 and the liquid on-off valve 32 of the hydrocarbon-based
liquid supply device 24, respectively, to thereby make the
supply amount of hydrocarbon-based liquid 20 to the exhaust
pipe 16 be substantially equal to that in the case where the
exhaust gas temperature is in the range of from 200 to 250° C.
(it should be noted that its supply amount is changed accord-
ing to the exhaust gas flow rate). Here, the reason why the
supply amount of ozone to the exhaust pipe 16 is slightly
decreased is that when the exhaust gas temperature becomes
as high as from 250 to 500° C., ozone is susceptible to thermal
decomposition, and therefore, even if ozone is supplied to the
exhaust pipe 16 at a high temperature, a part of NO in the
exhaust gas is hardly oxidized to NO, with ozone.

Also, even if the exhaust gas temperature becomes high,
ozone and the hydrocarbon-based liquid 20 are mixed in the
mixing chamber 84 of the gas supply device 81 at a relatively
low temperature, and therefore, the hydrocarbon-based liquid
can be partially oxidized to the active reducing agent includ-
ing the oxygen-containing hydrocarbon such as aldehyde
with ozone. Furthermore, even if the active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde is supplied to the exhaust pipe 16 at a high temperature,
it is not thermally decomposed. If NOx slightly containing
NO, obtained by oxidation of a part of NO with ozone and the
active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde in an amount substantially
equal to that in the case where the exhaust gas temperature is
in the range of from 200 to 250° C. are supplied to the first
selective reduction catalyst 21, NO, in NOx actively reacts
with the NOx reducing agent (the active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde) and is reduced to N,, and even if the exhaust gas
temperature increases, a decrease rate of NOx in the exhaust
gas is kept in a relatively high level. As a result, NOx in the
exhaust gas can be more efficiently decreased over a wide
range of exhaust gas temperatures from 200 to 500° C. The
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operations other than those described above are substantially
the same as the operations in the first embodiment, and there-
fore, redundant description thereof will be omitted.

Third Embodiment

FIG. 8 shows a third embodiment of the present invention.
InFIG. 8, the same reference signs as those in FIG. 7 indicate
the same components. In this embodiment, the ozone genera-
tion device includes a first ozone generation device 101 and a
second ozone generation device 102. The configuration of
each of the first ozone generation device 101 and the second
ozone generation device 102 is the same as that of the ozone
generation device of the first embodiment. The first ozone
generation device 101 is connected to the exhaust pipe 16 on
the exhaust gas upstream side of the first selective reduction
catalyst 21 via an ozone supply device 103. The ozone supply
device 103 includes an ozone injection nozzle 104 that
extends into the exhaust pipe 16 on the exhaust gas upstream
side of the first selective reduction catalyst 21, and an ozone
supply pipe 106 having a tip end connected to the ozone
injection nozzle 104 and a base end connected to the first
ozone generation device 101. Also, the second ozone genera-
tion device 102 is connected, via a gas supply device 107, to
the exhaust pipe 16 on the exhaust gas upstream side of the
first selective reduction catalyst 21 and on the exhaust gas
downstream side of the ozone injection nozzle 104. The gas
supply device 107 includes a gas injection nozzle 108 extend-
ing into the exhaust pipe 16 on the exhaust gas upstream side
of' the first selective reduction catalyst 21 and on the exhaust
gas downstream side of the ozone injection nozzle 104, and a
gas supply pipe 109 having a tip end connected to the gas
injection nozzle 108 and a base end connected to the second
ozone generation device 102. It is noted that in this embodi-
ment, while the second ozone generation device is connected,
via the gas supply device, to the exhaust pipe on the exhaust
gas upstream side of the first selective reduction catalyst and
on the exhaust gas downstream side of the ozone injection
nozzle, the second ozone generation device may be con-
nected, via the gas supply device, to the exhaust gas on the
exhaust gas upstream side of the first selective reduction
catalyst and on the exhaust gas upstream side of the ozone
injection nozzle.

Also, the hydrocarbon-based liquid supply device 24 is
connected to an intermediate portion of the gas supply device
107. That s, a tip end of the liquid supply pipe 26 is connected
on an intermediate portion of the gas supply pipe 109. Fur-
thermore, a mixing chamber 111 is provided in a connection
portion between the hydrocarbon-based liquid supply device
24 and the gas supply device 107. That is, the mixing chamber
111 is provided in a connection portion between the liquid
supply pipe 26 and the gas supply pipe 109. This mixing
chamber 111 has a box 111a having a mixer built therein, and
a heater 1115 that is provided on an outer surface of this box
1114 and that heats the inside of the box 1114 to about 250°
C. With this configuration, ozone and a hydrocarbon-based
liquid can be efficiently mixed. It is noted that in this embodi-
ment, while two ozone generation devices of the first and
second ozone generation devices are provided, a single ozone
generation device may be provided and ozone generated by
this ozone generation device is switched in a predetermined
ratio between ozone to be directly supplied to the exhaust pipe
and ozone to be supplied to the mixing chamber. Except for
what is described above, the configuration is the same as that
in the first embodiment.

The operation of the thus configured exhaust gas purifier
will be described. If the exhaust gas temperature is in the
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range of from 200 to 250° C., the controller 64 controls the
compressor, the flow rate regulation valve, and the high-
voltage power source device of the first ozone generation
device 101, respectively, to thereby supply a relatively small
amount of ozone to the exhaust pipe 16. Also, ozone is not
supplied to the mixing chamber 111 by keeping the compres-
sor, the flow rate regulation valve, and the high-voltage power
source device of the second ozone generation device 102 are
in a halt state. Furthermore, the controller 64 controls the
liquid pressure regulation valve 31 and the liquid on-off valve
32 of the hydrocarbon-based liquid supply device 24, respec-
tively, to thereby supply a relatively small amount of the
hydrocarbon-based liquid 20 to the mixing chamber 111. At
that time, the hydrocarbon-based liquid 20 is gasified by the
heater 1115 of the mixing chamber 111. Since ozone is not
supplied to the inside of the mixing chamber 111, the gasified
hydrocarbon-based liquid 20 passes through the gas supply
pipe 26 and is supplied directly to the exhaust pipe 16. When
ozone generated by the first ozone generation device 101
passes through the ozone supply pipe 106 and is supplied to
the exhaust pipe 16, a part of NO in the exhaust gas flowing
through the exhaust pipe 16 is oxidized to NO, with this
ozone. When NOx in which a part of NO has been oxidized to
NO, with ozone and a relatively small amount of the gasified
hydrocarbon-based liquid are supplied to the first selective
reduction catalyst 21, NO, in NOx relatively actively reacts
with the NOx reducing agent (the gasified hydrocarbon-based
liquid) and is reduced to N,.

If the exhaust gas temperature increases in the range of
from 200 to 250° C., the controller 64 controls the compres-
sor, the flow rate regulation valve, and the high-voltage power
source device of the first ozone generation device 101, respec-
tively, to thereby increase the supply amount of ozone to the
exhaust pipe 16. Also, the controller 64 controls the compres-
sor, the flow rate regulation valve, and the high-voltage power
source device of the second ozone generation device 102,
respectively, to thereby supply a relatively large amount of
ozone to the mixing chamber 111. Furthermore, the controller
64 controls the liquid pressure regulation valve 31 and the
liquid on-off valve 32 of the hydrocarbon-based liquid supply
device 24, respectively, to thereby increase the supply amount
of hydrocarbon-based liquid 20 to the mixing chamber 111.
When ozone and the hydrocarbon-based liquid 20 are mixed
in the mixing chamber 111, the hydrocarbon-based liquid 20
is efficiently partially oxidized to the active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde, with ozone the amount of which has been increased. At
that time, since ozone with a high concentration and the
hydrocarbon-based liquid 20 with a high concentration can be
mixed in the mixing chamber 111, the reaction between
ozone and the hydrocarbon-based liquid 20 becomes fast,
whereby the partial oxidation of the hydrocarbon-based lig-
uid 20 to the active reducing agent with ozone can be pro-
moted. This partially oxidized active reducing agent includ-
ing the oxygen-containing hydrocarbon such as aldehyde
passes through the gas supply pipe 109 and is supplied to the
exhaust pipe 16. When NOx containing NO,, the amount of
which has been increased, and a relatively large amount of
active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde are supplied to the first selec-
tive reduction catalyst 21, NO, in NOx actively reacts with
the NOx reducing agent (the active reducing agent including
the oxygen-containing hydrocarbon such as aldehyde) and is
reduced to N,, and a decrease rate of NOx in the exhaust gas
is abruptly enhanced with an increase of the exhaust gas
temperature.
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If'the exhaust gas temperature is in the range of from 250 to
500° C., the controllers 64 stops the compressor, the flow rate
regulation valve, and the high-voltage power source device of
the first ozone generation device 101, respectively, to thereby
stop the supply of ozone to the exhaust pipe 16. Also, the
controller 64 controls the liquid pressure regulation valve 31
and the liquid on-off valve 32 of the hydrocarbon-based liquid
supply device 24, respectively, to thereby make the supply
amount of hydrocarbon-based liquid 20 to the mixing cham-
ber 111 be substantially equal to that in the case where the
exhaust gas temperature is in the range of from 200 to 250° C.
(it should be noted that its supply amount is changed accord-
ing to the exhaust gas flow rate). Here, the reason why the
supply of ozone generated by the first ozone generation
device 101 to the exhaust pipe 16 is stopped is that if the
exhaust gas temperature becomes as high as from 250 to 500°
C., ozone is susceptible to thermal decomposition, and there-
fore, even if ozone is supplied to the exhaust pipe 16 at a high
temperature, a part of NO in the exhaust gas is hardly oxidized
to NO, with ozone.

Also, even if the exhaust gas temperature becomes high,
ozone and the hydrocarbon-based liquid 20 are mixed in the
mixing chamber 111 of the gas supply device 107 at a rela-
tively low temperature, and therefore, the hydrocarbon-based
liquid can be partially oxidized with ozone to the active
reducing agent including the oxygen-containing hydrocarbon
such as aldehyde. Furthermore, even if active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde is supplied to the exhaust pipe 16 at a high temperature,
it is not thermally decomposed. If NOx which does not con-
tain at all NO, which is obtained by oxidation of a part of NO
with ozone and the active reducing agent including the oxy-
gen-containing hydrocarbon such as aldehyde, in an amount
substantially equal to that in the case where the exhaust gas
temperature is in the range of from 200to 250° C. are supplied
to the first selective reduction catalyst 21, NOx actively reacts
with the NOx reducing agent (the active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde,) and is reduced to N,, and even if the exhaust gas
temperature increases, a decrease rate of NOX in the exhaust
gas is kept in a high level. As a result, NOx in the exhaust gas
can be more efficiently decreased over a wide range of
exhaust gas temperatures from 200 to 500° C.

Fourth Embodiment

FIG. 9 shows a fourth embodiment of the present invention.
InFIG. 9, the same reference signs as those in FIG. 1 indicate
the same components. In this embodiment, a second selective
reduction catalyst 22 including a copper-based catalyst, an
iron-based catalyst, or a vanadium-based catalyst is housed in
the casing 19 on the exhaust gas downstream side of the first
selective reduction catalyst 21. The second selective reduc-
tion catalyst 22 is a monolith catalyst and is configured by
coating a cordierite honeycomb carrier with a copper zeolite,
an iron zeolite, or a vanadium-based oxide. Specifically, the
second selective reduction catalyst 22 including the copper
zeolite is configured by coating a honeycomb carrier with a
slurry containing a zeolite powder having been ion-ex-
changed with copper. Also, the second selective reduction
catalyst 22 including the iron zeolite is configured by coating
ahoneycomb carrier with a slurry containing a zeolite powder
having been ion-exchanged with iron. Furthermore, the sec-
ond selective reduction catalyst 22 including the vanadium-
based oxide is configured by coating a honeycomb carrier
with a slurry only containing a powder of vanadium oxide or
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containing a mixed oxide powder containing titanium oxide
and tungsten oxide in addition to vanadium oxide.

A third selective reduction catalyst 23 including a noble
metal-based catalyst is housed in the casing 19 on the exhaust
gas downstream side of the second selective reduction cata-
lyst 22. The third selective reduction catalyst 23 is a monolith
catalyst and is configured by coating a cordierite honeycomb
carrier with a noble metal such as platinum zeolite, platinum
alumina, platinum zeolite having palladium added thereto, or
platinum alumina having palladium added thereto. Specifi-
cally, the third selective reduction catalyst 23 including the
platinum zeolite is configured by coating a honeycomb car-
rier with a slurry containing a zeolite powder having been
ion-exchanged with platinum. Also, the third selective reduc-
tion catalyst 23 including the platinum alumina is configured
by coating a honeycomb carrier with a slurry containing a
y-alumina powder or 8-alumina powder having platinum sup-
ported thereon. Also, the third selective reduction catalyst 23
including the platinum zeolite having palladium added
thereto is configured by coating a honeycomb carrier with a
slurry containing a zeolite powder having been ion-ex-
changed with platinum and palladium. Furthermore, the third
selective reduction catalyst 23 including the platinum alu-
mina having palladium added thereto is configured by coating
a honeycomb carrier with a slurry containing a y-alumina
powder or 8-alumina powder having platinum and palladium
supported thereon. Except what is described above, the con-
figuration is the same as that in the first embodiment.

The operation of the thus configured exhaust gas purifier
will be described. When the engine 11 is started and the
exhaust gas temperature is in the range of from 150 t0 200° C.,
based on the respective detection outlets of the temperature
sensor 61, the rotation sensor 62, and the load sensor 63, the
controller 64 actuates the liquid pump 28 of the hydrocarbon-
based liquid supply device 24, opens the liquid pressure regu-
lation valve 31 at a predetermined opening degree, and opens
and closes the liquid on-oft valve 32, to thereby intermittently
inject a relatively small amount of the hydrocarbon-based
liquid 20 from the liquid injection nozzle 25. Although the
hydrocarbon-based liquid 20 injected from the liquid injec-
tion nozzle 25 is gasified and flows into the first selective
reduction catalyst 21, NOx in the exhaust gas less exhibits a
reducing performance on the first selective reduction catalyst
21 in a low temperature region of the exhaust gas. Therefore,
the consumption of the hydrocarbon-based liquid in the first
selective reduction catalyst 21 is small, and most of the gas-
ified hydrocarbon-based liquid passes through the first selec-
tive reduction catalyst 21 and flows into the second selective
reduction catalyst 22. NOx in the exhaust gas also less exhib-
its the reducing performance on the second selective reduc-
tion catalyst 22 in a low temperature region of the exhaust gas.
Therefore, the consumption of the hydrocarbon-based liquid
in the second selective reduction catalyst 22 is small, and
most of the gasified hydrocarbon-based liquid passes through
the second selective reduction catalyst 22 and flows into the
third selective reduction catalyst 23. Almost all of the hydro-
carbon-based liquid injected from the above-described liquid
injection nozzle 25 is gasified and flows into the third selec-
tive reduction catalyst 23. This third selective reduction cata-
lyst 23 causes NOx to largely exhibit the reducing perfor-
mance in a low temperature region of the exhaust gas, and
therefore, the above-described gasified hydrocarbon-based
liquid reacts with NOx in the exhaust gas on the third selective
reduction catalyst 23, and NOx is rapidly reduced. As a result,
NOx is efficiently decreased in the low temperature region of
the exhaust gas.
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If the exhaust gas temperature reaches 200° C. or higher,
based on the respective detection outlets of the temperature
sensor 61, the rotation sensor 62, and the load sensor 63, the
controller 64 drives the compressor 41 of the ozone genera-
tion device 40, opens the flow rate regulation valve 49 at a
predetermined opening degree, actuates the ozone generator
43 by the high-voltage power source device 57, drives the
liquid pump 28 of the hydrocarbon-based liquid supply
device 24, opens the liquid pressure regulation valve 31 at a
predetermined opening degree, and opens and closes the lig-
uid on-off valve 32. The operations of the ozone generation
device 40 are substantially the same as those of the ozone
generation device of the first embodiment, and therefore,
redundant description thereof will be omitted. Ozone gener-
ated by the above-described ozone generation device 40 is
supplied to the ozone injection nozzle 38.

The ozone supplied to the ozone injection nozzle 38 is
injected (supplied) from the ozone injection nozzle 38 to the
exhaust pipe 16. Then, a part of NO in the exhaust gas is
oxidized with this ozone as expressed by the following for-
mula (1). When the exhaust gas temperature is in a range of
from 200 to 250° C., this NO, has such properties that in the
first selective reduction catalyst 21, its reactivity with the
NOx reducing agent (a gasified hydrocarbon-based liquid or
an active reducing agent including an oxygen-containing
hydrocarbon containing either or both of aldehyde or alcohol
which will be described later) becomes high.

0;+NO—0,+NO, o)

Also, when the liquid pump 28 is driven, when the liquid
pressure regulation valve 31 is opened at a predetermined
opening degree, and when the liquid on-off valve 32 is opened
and closed, the hydrocarbon-based liquid 20 passes through
the liquid supply pipe 26 and is intermittently injected (sup-
plied) into the exhaust pipe 16. This hydrocarbon-based lig-
uid 20 supplied to the exhaust pipe 16 is partially oxidized to
the active reducing agent including the oxygen-containing
hydrocarbon containing either or both of aldehyde or alcohol
with ozone which is generated by the ozone generation device
40 and supplied to the exhaust pipe 16 by the ozone supply
device 37. When the exhaust gas temperature is in a range of
from 250 to 500° C., this active reducing agent has a function
to enhance the reactivity as a NOx reducing agent for reduc-
ing NOx (NO and NO,) in the exhaust gas to N, in the first
selective reduction catalyst 21. Here, examples of the alde-
hyde include acetaldehyde, formaldehyde, and the like, and
examples of the alcohol include methyl alcohol, ethyl alco-
hol, and the like. It is noted that an oxygen atom in ozone has
high reactivity, and therefore, in the case where it reacts with
a saturated hydrocarbon-based liquid such as light oil, etc., an
oxygen-containing hydrocarbon such as a partially oxidized
material of hydrocarbon (aldehyde, alcohol, etc.), etc. is gen-
erated.

If the exhaust gas temperature is within the range of from
200 to 250° C., the controller 64 controls the compressor 41,
the flow rate regulation valve 49, and the high-voltage power
source device 57 of the ozone generation device 40, respec-
tively, to thereby supply a relatively small amount of ozone to
the exhaust pipe 16. Also, the controller 64 controls the liquid
pressure regulation valve 31 and the liquid on-off valve 32 of
the hydrocarbon-based liquid supply device 24, respectively,
to thereby supply a relatively small amount of the hydrocar-
bon-based liquid 20 to the exhaust pipe 16. When NOx in
which a part of NO has been oxidized to NO, with ozone, the
relatively small amount of gasified hydrocarbon-based liquid,
and the relatively small amount of active reducing agent
including the oxygen-containing hydrocarbon such as alde-
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hyde which has been partially oxidized with ozone are sup-
plied to the first selective reduction catalyst 21, NO, in NOx
relatively actively reacts with the NOx reducing agent (the
gasified hydrocarbon-based liquid or the active reducing
agent including the oxygen-containing hydrocarbon such as
aldehyde) and is reduced to N,,.

If the exhaust gas temperature increases is in the range of
from 200to 250° C., the controller 64 controls the compressor
41, the flow rate regulation valve 49, and the high-voltage
power source device 57 of the ozone generation device 40,
respectively, to thereby increase the supply amount of ozone
to the exhaust pipe 16. Also, the controller 64 controls the
liquid pressure regulation valve 31 and the liquid on-off valve
32 of the hydrocarbon-based liquid supply device 24, respec-
tively, to thereby increase the supply amount of hydrocarbon-
based liquid 20 to the exhaust pipe 16. When NOX containing
NO.,, the amount of which has been increased by the increase
of'the ozone supply amount, a relatively small amount of the
gasified hydrocarbon-based liquid, and the active reducing
agent including the oxygen-containing hydrocarbon such as
aldehyde, the amount of which has been increased by the
increase of the ozone supply amount, are supplied to the first
selective reduction catalyst 21, NO, in NOx actively reacts
with the NOx reducing agent (the gasified hydrocarbon-based
liquid or the active reducing agent including the oxygen-
containing hydrocarbon such as aldehyde) and is reduced to
N,, and a decrease rate of NOx in the exhaust gas is abruptly
enhanced with an increase of the exhaust gas temperature.

Ifthe exhaust gas temperature is in the range of from 250 to
500° C., the controller 64 controls the compressor 41, the flow
rate regulation valve 49, and the high-voltage power source
device 57 of the ozone generation device 40, respectively, to
thereby slightly decrease the supply amount of ozone to the
exhaust pipe 16 as compared with the case where the exhaust
gas temperature is in the range of from 200 to 250° C. Also,
the controller 64 controls the liquid pressure regulation valve
31 and the liquid on-off valve 32 of the hydrocarbon-based
liquid supply device 24, respectively, to thereby make the
supply amount of hydrocarbon-based liquid 20 to the exhaust
pipe 16 be substantially equal to that in the case where the
exhaust gas temperature is in the range of from 200 to 250° C.
(it should be noted that its supply amount is changed accord-
ing to the exhaust gas flow rate). Here, the reason why the
supply amount of ozone to the exhaust pipe 16 is slightly
decreased is that if the exhaust gas temperature becomes high
as in the range of from 250 to 500° C., ozone is susceptible to
thermal decomposition, and therefore, even if ozone is sup-
plied to the exhaust pipe 16 at a high temperature, a part of NO
in the exhaust gas is hardly oxidized to NO, with ozone and
the hydrocarbon-based liquid 20 is hardly partially oxidized
to the active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde, etc. with ozone. When NOx
slightly containing NO, obtained by oxidation of a part of NO
with ozone, the slight amount of the active reducing agent
including an oxygen-containing hydrocarbon such as alde-
hyde, and the relatively large amount of the gasified hydro-
carbon-based liquid without being partially oxidized to the
active reducing agent including the slight amount of the oxy-
gen-containing hydrocarbon such as aldehyde with ozone are
supplied to the first selective reduction catalyst 21, NO, in
NOx reacts with the NOx reducing agent (the gasified hydro-
carbon-based liquid or the active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde) and is
reduced to N,. However, a decrease rate of NOx in the exhaust
gas gradually decreases with an increase of the exhaust gas
temperature.
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However, if the exhaust gas temperature is in the range of
from 25010 500° C. and a surplus gasified hydrocarbon-based
liquid flows into the silver-based first selective reduction cata-
lyst 21, ammonia is generated on this catalyst 21. It is pre-
sumed that an HC component (alkane) constituting the hydro-
carbon-based liquid 20 such as light oil adsorbs onto the first
selective reduction catalyst 21, that NOx and oxygen react
with each other on the first selective reduction catalyst 21 to
produce a reaction intermediate such as isocyanate species
(N—C—0, C—=N), and that when water is added to this
reaction intermediate, ammonia is generated. When the
exhaust gas containing ammonia generated by the first selec-
tive reduction catalyst 21 flows into the copper-based, iron-
based, or vanadium-based second selective reduction catalyst
22, NOx (NO and NO,) in the exhaust gas reacts with ammo-
nia on the second selective reduction catalyst 22 and is
reduced to N, as expressed by the following formulae (2) to

4.

NO+NO,+2NH; —2N,+3H,0 )

ANO+4NH,+0,—4N,+6H,0 3)

6NO,+8NH;—7N,+121,0 )

As a result, NOx in the exhaust gas can be relatively effi-

ciently decreased over a wide range of exhaust gas tempera-
tures from 150 to 500° C.

Fifth Embodiment

FIG. 10 shows a fifth embodiment of the present invention.
In FIG. 10, the same reference signs as those in FIG. 9
indicate the same components. In this embodiment, the ozone
generation device 40 is connected to the exhaust pipe 16 on
the exhaust gas upstream side of the first selective reduction
catalyst 21 via a gas supply device 81. The gas supply device
81 includes a gas injection nozzle 82 extending into the
exhaust pipe 16 on the exhaust gas upstream side of the first
selective reduction catalyst 21, and a gas supply pipe 83
having a tip end connected to the gas injection nozzle 82 and
abase end connected to the ozone generation device 40. Also,
the hydrocarbon-based liquid supply device 24 is connected
to an intermediate portion of the gas supply device 81. That s,
a tip end of the liquid supply pipe 26 of the hydrocarbon-
based liquid 20 is connected on an intermediate portion of the
gas supply pipe 83. Furthermore, a mixing chamber 84 is
provided in a connection portion between the hydrocarbon-
based liquid supply device 24 and the gas supply device 81.
That is, the mixing chamber 84 is provided in a connection
portion between the liquid supply pipe 26 and the gas supply
pipe 83. This mixing chamber 84 includes a box 844 having a
mixer built therein, and a heater 844 that is provided on the
outer surface of this box 84a and that heats the inside of the
box 84a to about 250° C. With this configuration, ozone and
a hydrocarbon-based liquid can be efficiently mixed. Except
what is described above, the configuration is the same as that
in the fourth embodiment.

The operation of the thus configured exhaust gas purifier
will be described. Similarly to the above-described fourth
embodiment, when the exhaust gas temperature is in the
range of from 150 to 200° C. and the hydrocarbon-based
liquid 20 is injected from the liquid injection nozzle 25, even
if the hydrocarbon-based liquid 20 does not react with the first
and second selective reduction catalysts 21 and 22, the hydro-
carbon-based liquid 20 reacts with NOx in the exhaust gas on
the noble metal-based third selective reduction catalyst 23,
which can cause NOx in the exhaust gas to exhibit the reduc-
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ing performance, and NOx is rapidly reduced on the third
selective reduction catalyst 23. Therefore, NOx can be effi-
ciently decreased in a low temperature region of the exhaust
gas.

Ifthe exhaust gas temperature is in the range of from 200 to
250° C., the controller 64 controls the compressor, the flow
rate regulation valve, and the high-voltage power source
device of the ozone generation device 40, respectively, to
thereby supply a relatively small amount of ozone to the
mixing chamber 84. Also, the controller 64 controls the liquid
pressure regulation valve 31 and the liquid on-off valve 32 of
the hydrocarbon-based liquid supply device 24, respectively,
to thereby supply a relatively small amount of the hydrocar-
bon-based liquid 20 to the mixing chamber 84. At that time,
the hydrocarbon-based liquid 20 is gasified by the heater 845
of'the mixing chamber 84. When ozone and the hydrocarbon-
based liquid 20 are mixed in the mixing chamber 84, the
hydrocarbon-based liquid 20 is efficiently partially oxidized,
with a part of ozone, to the active reducing agent such as
aldehyde. At that time, since ozone with a high concentration
and the hydrocarbon-based liquid 20 with a high concentra-
tion can be mixed in the mixing chamber 84, the reaction
between ozone and the hydrocarbon-based liquid 20 becomes
fast, whereby the partial oxidation of the hydrocarbon-based
liquid 20 to the active reducing agent with ozone can be
promoted. This partially oxidized active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde passes through the gas supply pipe 83 and is supplied to
the exhaust pipe 16. Also, of the ozone supplied to the mixing
chamber 84, the remaining ozone which is not used for the
partial oxidation of the above-described hydrocarbon-based
liquid 20 to the active reducing agent is supplied to the
exhaust pipe 16 as it is, and a part of NO in the exhaust gas
flowing through the exhaust pipe 16 is oxidized to NO, with
this ozone. When NOx in which a part of NO has been
oxidized to NO, with ozone and the relatively small amount
of active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde, which has been partially oxi-
dized with ozone, are supplied to the first selective reduction
catalyst 21, NO, in NOx relatively actively reacts with the
NOx reducing agent (the active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde) and is
reduced to N,.

If the exhaust gas temperature increases in the range of
from 200 to 250° C., the controller 64 controls the compres-
sor, the flow rate regulation valve, and the high-voltage power
source device ofthe ozone generation device 40, respectively,
to thereby increase the supply amount of ozone to the mixing
chamber 84. Also, the controller 64 controls the liquid pres-
sure regulation valve 31 and the liquid on-off valve 32 of the
hydrocarbon-based liquid supply device 24, respectively, to
thereby increase the supply amount of hydrocarbon-based
liquid 20 to the mixing chamber 84. When ozone and the
hydrocarbon-based liquid 20 are mixed in the mixing cham-
ber 84, the amount of active reducing agent including the
oxygen-containing hydrocarbon such as aldehyde, which is
obtained by partial oxidation of the hydrocarbon-based liquid
20 with a part of ozone, the amount of which has been
increased, increases. Also, of ozone supplied to the mixing
chamber 84, the remaining ozone which are not used for the
partial oxidation of the above-described hydrocarbon-based
liquid 20 to the active reducing agent also increases, and the
amount of NO, obtained by the oxidation of the part of NO in
the exhaust gas flowing through the exhaust pipe 16 with this
ozone increases as well. When NOx containing NO,, the
amount of which has been increased, and the active reducing
agent including such as aldehyde, the amount of which has
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been increased, are supplied to the first selective reduction
catalyst 21, NO, in NOx actively reacts with the NOx reduc-
ing agent (the active reducing agent such as aldehyde,) and is
reduced to N,, and a decrease rate of NOx in the exhaust gas
is abruptly enhanced with an increase of the exhaust gas
temperature.

If'the exhaust gas temperature is in the range of from 250 to
500° C., the controller 64 controls the compressor, the flow
rate regulation valve, and the high-voltage power source
device of the ozone generation device 40, respectively, to
thereby slightly decrease the supply amount of ozone to the
exhaust pipe 16 as compared with the case where the exhaust
gas temperature is in the range of from 200 to 250° C. Also,
the controller 64 controls the liquid pressure regulation valve
31 and the liquid on-off valve 32 of the hydrocarbon-based
liquid supply device 24, respectively, to thereby make the
supply amount of hydrocarbon-based liquid 20 to the exhaust
pipe 16 be substantially equal to that in the case where the
exhaust gas temperature is in the range of from 200 to 250° C.
(it should be noted that its supply amount is changed accord-
ing to the exhaust gas flow rate). Here, the reason why the
supply amount of ozone to the exhaust pipe 16 is slightly
decreased is that when the exhaust gas temperature becomes
as high as from 250 to 500° C., ozone is susceptible to thermal
decomposition, and therefore, even if ozone is supplied to the
exhaust pipe 16 at a high temperature, a part of NO in the
exhaust gas is hardly oxidized to NO, with ozone. It is noted
that even if the exhaust gas temperature becomes high, ozone
and the hydrocarbon-based liquid 20 are mixed in the mixing
chamber 84 of the gas supply device 81 at a relatively low
temperature, and therefore, the hydrocarbon-based liquid can
be partially oxidized with ozone to the active reducing agent
such as aldehyde. Even if the active reducing agent such as
aldehyde is supplied to the exhaust pipe 16 at a high tempera-
ture, it is not thermally decomposed. When NOx slightly
containing NO, obtained by oxidation of a part of NO with
ozone and the active reducing agent including the oxygen-
containing hydrocarbon such as aldehyde in an amount sub-
stantially equal to that in the case where the exhaust gas
temperature is in the range of from 200to 250° C. are supplied
to the first selective reduction catalyst 21, NO, in NOx
actively reacts with the NOx reducing agent (the active reduc-
ing agent including an oxygen-containing hydrocarbon such
as aldehyde,) and is reduced to N, and even if the exhaust gas
temperature increases, a decrease rate of NOX in the exhaust
gas is kept in a relatively high level.

Meanwhile, similarly to the first embodiment, if the
exhaust gas temperature is in the range of from 250 to 500° C.,
and a surplus gasified hydrocarbon-based liquid flows into the
silver-based first selective reduction catalyst 21 together with
the exhaust gas containing NOx, ammonia is generated on
this first selective reduction catalyst 21. When this exhaust
gas containing ammonia flows into the copper-based, iron-
based, or vanadium-based second reduction type catalyst 22,
NOx (NO and NO,,) in the exhaust gas reacts with ammonia
on the second selective reduction catalyst 22 and is reduced to
N,. As aresult, NOx in the exhaust gas can be more efficiently
decreased over a wide range of exhaust gas temperatures from
150 to 500° C. The operations other than those described
above are substantially the same as the operations in the
fourth embodiment, and therefore, redundant description
thereof will be omitted.

Sixth Embodiment

FIG. 11 shows a sixth embodiment of the present invention.
In FIG. 11, the same reference signs as those in FIG. 9
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indicate the same components. In this embodiment, the ozone
generation device has the first ozone generation device 101
and the second ozone generation device 102. The configura-
tion of each of the first ozone generation device 101 and the
second ozone generation device 102 is the same as that in the
ozone generation device of the fourth embodiment. The first
ozone generation device 101 is connected to the exhaust pipe
16 on the exhaust gas upstream side of the first selective
reduction catalyst 21 via the ozone supply device 103. The
ozone supply device 103 includes the ozone injection nozzle
104 extending into the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21, and
the ozone supply pipe 106 having a tip end connected to the
ozone injection nozzle 104 and a base end connected to the
first ozone generation device 101. Also, the second ozone
generation device 102 is connected, via the gas supply device
107, to the exhaust pipe 16 on the exhaust gas upstream side
of'the first selective reduction catalyst 21 and on the exhaust
gas downstream side of the ozone injection nozzle 104. The
gas supply device 107 includes a gas injection nozzle 108
extending into the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21 and
on the exhaust gas downstream side of the ozone injection
nozzle 104, and the gas supply pipe 109 having a tip end
connected to the gas injection nozzle 108 and a base end
connected to the second ozone generation device 102. It is
noted that in this embodiment, while the second ozone gen-
eration device is connected, via the gas supply device, to the
exhaust pipe on the exhaust gas upstream side of the first
selective reduction catalyst and on the exhaust gas down-
stream side of the ozone injection nozzle, the second ozone
generation device may be connected, via the gas supply
device, to the exhaust gas on the exhaust gas upstream side of
the first selective reduction catalyst and on the exhaust gas
upstream side of the ozone injection nozzle.

Also, the hydrocarbon-based liquid supply device 24 is
connected to an intermediate portion of the gas supply device
107. That s, a tip end of the liquid supply pipe 26 is connected
to an intermediate portion of the gas supply pipe 109. Fur-
thermore, a mixing chamber 111 is provided in a connection
portion between the hydrocarbon-based liquid supply device
24 and the gas supply device 107. That is, the mixing chamber
111 is provided in a connection portion between the liquid
supply pipe 26 and the gas supply pipe 109. This mixing
chamber 111 includes the box 111ae having a mixer built
therein and the heater 1115 that is provided on an outer
surface of this box 111a and that heats the inside of the box
111a to about 250° C. With this configuration, ozone and a
hydrocarbon-based liquid can be efficiently mixed. It is noted
that in this embodiment, while two ozone generation devices
of'the first and second ozone generation devices are provided,
a single ozone generation device may be provided and ozone
generated by this ozone generation device may be switched in
a predetermined ratio between ozone to be supplied directly
to the exhaust pipe and ozone to be supplied to the mixing
chamber. Except what is described above, the configuration is
the same as that in the fourth embodiment.

The operation of the thus configured exhaust gas purifier
will be described. Similarly to the above-described fourth
embodiment, when the exhaust gas temperature is in the
range of from 150 to 200° C. and the hydrocarbon-based
liquid 20 is injected from the liquid injection nozzle 25, even
if the hydrocarbon-based liquid 20 does not react with the first
and second selective reduction catalysts 21 and 22, the hydro-
carbon-based liquid 20 reacts with NOx in the exhaust gas on
the noble metal-based third selective reduction catalyst 23,
which can cause NOx in the exhaust gas to exhibit the reduc-
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ing performance, and NOx is rapidly reduced on the third
selective reduction catalyst 23. Therefore, NOx can be effi-
ciently decreased in a low temperature region of the exhaust
gas.

If'the exhaust gas temperature is in the range of from 200 to
250° C., the controller 64 controls the compressor, the flow
rate regulation valve, and the high-voltage power source
device of the first ozone generation device 101, respectively,
to thereby supply a relatively small amount of ozone to the
exhaust pipe 16. Also, ozone is not supplied to the mixing
chamber 111 by keeping the compressor, the flow rate regu-
lation valve, and the high-voltage power source device of the
second ozone generation device 102 are in a halt state. Fur-
thermore, the controller 64 controls the liquid pressure regu-
lation valve 31 and the liquid on-off valve 32 of the hydro-
carbon-based liquid supply device 24, respectively, to thereby
supply a relatively small amount of the hydrocarbon-based
liquid 20 to the mixing chamber 111. At that time, the hydro-
carbon-based liquid 20 is gasified by the heater 1115 of the
mixing chamber 111. Since ozone is not supplied to the inside
of the mixing chamber 111, the gasified hydrocarbon-based
liquid 20 passes through the gas supply pipe 26 and is sup-
plied directly to the exhaust pipe 16. When ozone generated
by the first ozone generation device 101 passes through the
ozone supply pipe 106 and is supplied to the exhaust pipe 16,
a part of NO in the exhaust gas flowing through the exhaust
pipe 16 is oxidized to NO, with this ozone. When NOx in
which a part of NO has been oxidized to NO, with ozone and
a relatively small amount of the gasified hydrocarbon-based
liquid are supplied to the first selective reduction catalyst 21,
NO, in NOx relatively actively reacts with the NOx reducing
agent (the gasified hydrocarbon-based liquid) and is reduced
to N,.

If the exhaust gas temperature increases in the range of
from 200 to 250° C., the controller 64 controls the compres-
sor, the flow rate regulation valve, and the high-voltage power
source device of the first ozone generation device 101, respec-
tively, to thereby increase the supply amount of ozone to the
exhaust pipe 16. Also, the controller 64 controls the compres-
sor, the flow rate regulation valve, and the high-voltage power
source device of the second ozone generation device 102,
respectively, to thereby supply a relatively large amount of
ozone to the mixing chamber 111. Furthermore, the controller
64 controls the liquid pressure regulation valve 31 and the
liquid on-off valve 32 of the hydrocarbon-based liquid supply
device 24, respectively, to thereby increase the supply amount
of hydrocarbon-based liquid 20 to the mixing chamber 111.
When ozone and the hydrocarbon-based liquid 20 are mixed
in the mixing chamber 111, the hydrocarbon-based liquid 20
is efficiently partially oxidized to the active reducing agent
including the oxygen-containing hydrocarbon such as alde-
hyde, with ozone the amount of which has been increased. At
that time, since ozone with a high concentration and the
hydrocarbon-based liquid 20 with a high concentration can be
mixed in the mixing chamber 111, the reaction between
ozone and the hydrocarbon-based liquid 20 becomes fast,
whereby the partial oxidation of the hydrocarbon-based lig-
uid 20 to the active reducing agent with ozone can be pro-
moted. This partially oxidized active reducing agent includ-
ing the oxygen-containing hydrocarbon such as aldehyde
passes through the gas supply pipe 109 and is supplied to the
exhaust pipe 16. When NOx containing NO,, the amount of
which has been increased, and a relatively large amount of
active reducing agent including the oxygen-containing
hydrocarbon such as aldehyde are supplied to the first selec-
tive reduction catalyst 21, NO, in NOx actively reacts with
the NOx reducing agent (the active reducing agent including
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the oxygen-containing hydrocarbon such as aldehyde) and is
reduced to N, and a decrease rate of NOx in the exhaust gas
is abruptly enhanced with an increase of the exhaust gas
temperature.

Ifthe exhaust gas temperature is in the range of from 250 to
500° C., the controllers 64 stops the compressor, the flow rate
regulation valve, and the high-voltage power source device of
the first ozone generation device 101, respectively, to thereby
stop the supply of ozone to the exhaust pipe 16. Also, the
controller 64 controls the liquid pressure regulation valve 31
and the liquid on-off valve 32 of the hydrocarbon-based liquid
supply device 24, respectively, to thereby make the supply
amount of hydrocarbon-based liquid 20 to the mixing cham-
ber 111 be substantially equal to that in the case where the
exhaust gas temperature is in the range of from 200 to 250° C.
(it should be noted that its supply amount is changed accord-
ing to the exhaust gas flow rate). Here, the reason why the
supply of ozone generated by the first ozone generation
device 101 to the exhaust pipe 16 is stopped is that if the
exhaust gas temperature becomes as high as from 250 to 500°
C., ozone is susceptible to thermal decomposition, and there-
fore, even if ozone is supplied to the exhaust pipe 16 at a high
temperature, a part of NO in the exhaust gas is hardly oxidized
to NO, with ozone.

Also, even if the exhaust gas temperature becomes high,
ozone and the hydrocarbon-based liquid 20 are mixed in the
mixing chamber 111 of the gas supply device 107 at a rela-
tively low temperature, and therefore, the hydrocarbon-based
liquid can be partially oxidized with ozone to the active
reducing agent including the oxygen-containing hydrocarbon
such as aldehyde. Furthermore, even if active reducing agent
such as aldehyde is supplied to the exhaust pipe 16 at a high
temperature, it is not thermally decomposed. If NOx which
does not contain at all NO, which is obtained by oxidation of
apart of NO with ozone and the active reducing agent includ-
ing the oxygen-containing hydrocarbon such as aldehyde, in
an amount substantially equal to that in the case where the
exhaust gas temperature is in the range of from 200 to 250° C.
are supplied to the first selective reduction catalyst 21, NOx
actively reacts with the NOx reducing agent (the active reduc-
ing agent including the oxygen-containing hydrocarbon such
as aldehyde,) and is reduced to N, and even if the exhaust gas
temperature increases, a decrease rate of NOx in the exhaust
gas is kept in a high level.

Itis noted that in the above-described first to sixth embodi-
ments, the exhaust gas purifier of the present invention is
applied to the diesel engine. However, the exhaust gas purifier
of the present invention may also be applied to a gasoline
engine. Also, in the above-described first to sixth embodi-
ments, the exhaust gas purifier of the present invention is
applied to the turbo supercharger-equipped diesel engine.
However, the exhaust gas purifier of the present invention
may also be applied to a natural aspiration type diesel engine
or a natural aspiration type gasoline engine. Also, in the
above-described first to sixth embodiments, the moisture in
the dryer is removed by the nitrogen-rich gas separated by the
air separator of the ozone generation device, to thereby regen-
erate the dryer. However, the moisture in the dryer may be
removed by a part of the compressed air compressed by the
compressor and dried by the dryer, to thereby regenerate the
dryer. Also, in the above-described first to sixth embodi-
ments, the silent discharge type ozone generator is used.
However, a creeping discharge type ozone generator, an
ozone generator that irradiates air with ultraviolet rays to
generate ozone, an ozone generator that electrolyzes water to
generate ozone, or the like may also be used. Also, in the
above-described first to sixth embodiments, the atmosphere is
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taken into the ozone generation device. However, a part of the
exhaust gas (containing oxygen) flowing through the exhaust
pipe may be taken thereinto. Also, in the above-described first
to sixth Embodiments, the air tank is provided between the
compressor and the dryer. However, in the case where the
flow rates of the oxygen-rich gas and the nitrogen-rich gas do
not abruptly change, the air tank may not be provided. Fur-
thermore, in the above-described first to sixth embodiments,
the nitrogen-rich gas introduced from the purge gas inlet 42¢
of'the dryer 42 is allowed to pass from the purge gas outlet 42/
through the drain pipe 47 and then discharged. However, by
connecting one end of the drain pipe 47, which has the other
end connected to the purge gas outlet 424, to the casing 19 on
the exhaust gas downstream side of the third selective reduc-
tion catalyst 23, the nitrogen-rich gas may be allowed to pass
from the purge gas outlet 42/ through the drain pipe 47, the
casing 19, and the exhaust pipe 16 and then discharged.

EXAMPLES

Next, examples of the present invention will be described
in detail along with comparative examples.

Example 1

As shown in FIG. 1, the first selective reduction catalyst 21
was provided in the exhaust pipe 16 of the straight six turbo
supercharger-equipped diesel engine 11 of 8,000 cc displace-
ment. Also, the liquid injection nozzle 25, which supplies the
hydrocarbon-based liquid 20, was provided in the exhaust
pipe 16 on the exhaust gas upstream side of the first selective
reduction catalyst 21. Here, the selective reduction catalyst 19
was a silver-based catalyst manufactured by coating a hon-
eycomb carrier with a slurry containing a zeolite powder
having been ion-exchanged with silver. Also, the ozone injec-
tion nozzle 38, which supplies ozone, was provided in the
exhaust pipe 16 on the exhaust gas upstream side of the liquid
injection nozzle 25. The tip end of the ozone supply pipe 39
was connected to the ozone injection nozzle 38, and the base
end of the ozone supply pipe 39 was connected to the fourth
supply pipe 54 of the ozone generation device 40. As shown
in FIGS. 2 to 4, this ozone generation device 40 had the
compressor 41, the air tank 48, the dryer 42, the air separator
44, the ozone generator 43, the flow rate regulation valve 49,
the check valve 56, and the high-voltage power source device
57. The compressor 41 was driven by a battery with a direct
current voltage of 24 V. Here, the flow rate of ozone to be
supplied from the ozone injection nozzle 38 to the exhaust
pipe 16 was 100 ppm by mass with respect to 100% by mass
of'the exhaust gas flow rate. Also, the flow rate of the light oil
(hydrocarbon-based liquid) injected in a mist state from the
liquid injection nozzle 25 into the exhaust pipe 16 was 100
ppm by mass with respect to 100% by mass of the exhaust gas
flow rate. This exhaust gas purifier is referred to as an example
1.

Example 2

As shown in FIG. 7, the gas injection nozzle 82 was pro-
vided to extend into the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21, the
tip end of the gas supply pipe 83 was connected to the gas
injection nozzle 82, and the base end of the gas supply pipe 83
was connected to the ozone generation device 40. Also, the tip
end of the liquid supply pipe 26 of the hydrocarbon-based
liquid supply device 24 was connected on the intermediate
portion of the gas supply pipe 83. Furthermore, the mixing

10

15

20

25

30

35

40

45

50

55

60

65

32

chamber 84 having the heater 845 was provided in the con-
nection portion between the liquid supply pipe 26 and the gas
supply pipe 83. Except for what is described above, the con-
figuration was made the same as that of the exhaust gas
purifier of the example 1. This exhaust gas purifier is referred
to as an example 2.

Example 3

As shown in FIG. 8, the ozone injection nozzle 104 was
provided to extend into the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21, the
tip end of the ozone supply pipe 106 was connected to the
ozone injection nozzle 104, and the base end of the ozone
supply pipe 106 was connected to the first ozone generation
device 101. Also, the gas injection nozzle 108 was provided to
extend into the exhaust pipe 16 on the exhaust gas upstream
side of the first selective reduction catalyst 21 and on the
exhaust gas downstream side of the ozone injection nozzle
104, the tip end of the gas supply pipe 109 was connected to
the gas injection nozzle 108, and the base end of the gas
supply pipe 109 was connected to the second ozone genera-
tion device 102. Also, the tip end of the liquid supply pipe 26
of the hydrocarbon-based liquid supply device 24 was con-
nected on the intermediate portion of the gas supply pipe 109.
Furthermore, the mixing chamber 111 having the heater 1115
was provided in the connection portion between the liquid
supply pipe 26 and the gas supply pipe 109. Except what is
described above, the configuration was made the same as that
of'the exhaust gas purifier of the example 1. This exhaust gas
purifier is referred to as an example 3.

Comparative Example 1

The configuration was made the same as that of the exhaust
gas purifier of the example 1, except that the ozone generation
device, the ozone injection nozzle, and the ozone supply pipe
were not provided. This exhaust gas purifier is referred to as
a comparative example 1.
<Comparison Test 1 and Evaluation>

At the time of gradually increasing the exhaust gas tem-
perature from the room temperature to 600° C. by varying a
revolution speed and a load of the engine, a decrease rate of
NOx by each of the exhaust gas purifiers of the examples 1 to
3 and the comparative example 1 was measured. Results are
shown in FIG. 12.

As can be seen from FIG. 12, in the exhaust gas purifier of
the comparative example 1, the NOx decrease rate was low
and about 40% at maximum. On the other hand, it was found
that in the exhaust gas purifier of the example 1, the NOx
decrease rate was high and about 55% at maximum, in the
exhaust gas purifier of the example 2, the NOx decrease rate
became higher and about 60% at maximum, and in the
exhaust gas purifier of the example 3, the NOx decrease rate
became about 60% at maximum.

Example 4

The configuration was made the same as that of the exhaust
gas purifier of the example 1, except that a silver-based cata-
lyst to which palladium was added and which was manufac-
tured by coating a honeycomb carrier with a slurry containing
a zeolite powder having been ion-exchanged with silver and
palladium was used as the first selective reduction catalyst.
This exhaust gas purifier is referred to as an example 4.
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<Comparison Test 2 and Evaluation>

At the time of gradually increasing the exhaust gas tem-
perature from the room temperature to 600° C. by varying a
revolution speed and a load of the engine, a decrease rate of
NOx by each of the exhaust gas purifiers of the examples 1
and 4 was measured. Results are shown in FIG. 13.

As can be seen from FIG. 13, in the exhaust gas purifier of
the example 1, the NOx decrease rate was about 30% at a
relatively low temperature of about 200° C., whereas in the
exhaust gas purifier of the example 4, the NOx decrease rate
became as high as about 55% at a relatively low temperature
of about 200° C. Accordingly, it was found that in the case
where the silver-based catalyst to which palladium was added
was used as the selective reduction catalyst, the decreasing
performance of NOx in the exhaust gas at a relatively low
temperature of the exhaust gas temperature could be
enhanced as compared with the case the case where the pal-
ladium-free silver-based catalyst was used.

Examples 5

As shown in FIG. 9, in the exhaust pipe 16 of the straight
six turbo supercharger-equipped diesel engine 11 of 8,000 cc
displacement, the first selective reduction catalyst 21, the
second selective reduction catalyst 22, and the third selective
reduction catalyst 23 were provided in this order from the
exhaust gas upstream side toward the exhaust gas down-
stream side. Also, the liquid injection nozzle 25, which sup-
plies the hydrocarbon-based liquid 20, was provided in the
exhaust pipe 16 on the exhaust gas upstream side of the first
selective reduction catalyst 21. Here, the first selective reduc-
tion catalyst 21 was a silver-based catalyst which was manu-
factured by coating a honeycomb carrier with a slurry con-
taining a zeolite powder having been ion-exchanged with
silver. Also, the second selective reduction catalyst 22 was a
copper-based catalyst which was manufactured by coating a
honeycomb carrier with a slurry containing a zeolite powder
having been ion-exchanged with copper. Furthermore, the
third selective reduction catalyst 23 was a platinum-based
catalyst which was manufactured by coating a honeycomb
carrier with a slurry containing a zeolite powder having been
ion-exchanged with platinum.

Meanwhile, the ozone injection nozzle 38, which supplies
ozone, was provided in the exhaust pipe 16 on the exhaust gas
downstream side of the liquid injection nozzle 25. The tip end
of the ozone supply pipe 39 was connected to the ozone
injection nozzle 38, and the base end of the ozone supply pipe
39 was connected to the fourth supply pipe 54 of the ozone
generation device 40. The constitution of this ozone genera-
tion device 40 was made the same as that in the ozone gen-
eration device of the example 1. The compressor was driven
by a battery with a direction current voltage of 24 V. Here, the
flow rate of ozone to be supplied from the ozone injection
nozzle 38 into the exhaust pipe 16 was 100 ppm by mass with
respectto 100% by mass of the exhaust gas flow rate. Also, the
flow rate of the light oil (hydrocarbon-based liquid) injected
in a mist state from the liquid injection nozzle 25 into the
exhaust pipe 16 was 100 ppm by mass with respect to 100%
by mass of the exhaust gas flow rate. This exhaust gas purifier
is referred to as an example 5.

Example 6

As shown in FIG. 10, the gas injection nozzle 82 was
provided to extend into the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21, the
tip end of the gas supply pipe 83 was connected to the gas
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injection nozzle 82, and the base end of the gas supply pipe 83
was connected to the ozone generation device 40. Also, the tip
end of the liquid supply pipe 26 of the hydrocarbon-based
liquid supply device 24 was connected on the intermediate
portion of the gas supply pipe 83. Furthermore, the mixing
chamber 84 having the heater 845 was provided in the con-
nection portion between the liquid supply pipe 26 and the gas
supply pipe 83. Except what is described above, the configu-
ration was made the same as that of the exhaust gas purifier of
the example 5. This exhaust gas purifier is referred to as an
example 6.

Example 7

As shown in FIG. 11, the ozone injection nozzle 104 was
provided to extend into the exhaust pipe 16 on the exhaust gas
upstream side of the first selective reduction catalyst 21, the
tip end of the ozone supply pipe 106 was connected to the
ozone injection nozzle 104, and the base end of the ozone
supply pipe 106 was connected to the first ozone generation
device 101. Also, the gas injection nozzle 108 was provided to
extend into the exhaust pipe 16 on the exhaust gas upstream
side of the first selective reduction catalyst 21 and on the
exhaust gas downstream side of the ozone injection nozzle
104, the tip end of the gas supply pipe 109 was connected to
the gas injection nozzle 108, and the base end of the gas
supply pipe 109 was connected to the second ozone genera-
tion device 102. Also, the tip end of the liquid supply pipe 26
of the hydrocarbon-based liquid supply device 24 was con-
nected on the intermediate portion of the gas supply pipe 109.
Furthermore, the mixing chamber 111 having the heater 1115
was provided in the connection portion between the liquid
supply pipe 26 and the gas supply pipe 109. Except what is
described above, the configuration was made the same as that
of'the exhaust gas purifier of the example 5. This exhaust gas
purifier is referred to as an example 7.

Comparative Example 2

The configuration was made the same as that of the exhaust
gas purifier of the example 5, except that the ozone generation
device, the ozone injection nozzle, and the ozone supply pipe
were not provided. This exhaust gas purifier was made Com-
parative Example 2.
<Comparison Test 3 and Evaluation>

Similar to the comparison test 1, at the time of gradually
increasing the exhaust gas temperature from the room tem-
perature to 600° C. by varying a revolution speed and a load
of'the engine, a decrease rate of NOx by each of the exhaust
gas purifiers of the examples 5 to 7 and the comparative
example 2 was measured. Results are shown in FIG. 14.

As can be seen from FIG. 14, in the exhaust gas purifier of
the comparative example 2, the NOx decrease rate was low
and about 50% at maximum. On the other hand, it is found
that in the exhaust gas purifier of the example 5, the NOx
decrease rate became high and about 55% at maximum, in the
exhaust gas purifier of the example 6, the NOx decrease rate
became higher and about 70% at maximum, and in the
exhaust gas purifier of the example 7, the NOx decrease rate
also became about 70% at maximum.

Example 8

The configuration was made the same as that of the exhaust
gas purifier of the example 5, except that a palladium silver-
based catalyst to which palladium was added which was
manufactured by coating a honeycomb carrier with a slurry
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containing a zeolite powder having been ion-exchanged with
silver and palladium was used as the first selective reduction
catalyst. This exhaust gas purifier is referred to as an example
8.

<Comparison Test 4 and Evaluation>

Similar to the comparison test 2, at the time of gradually
increasing the exhaust gas temperature from the room tem-
perature to 600° C. by varying a revolution speed and a load
of'the engine, a decrease rate of NOx by each of the exhaust
gas purifiers of the examples 5 and 8 was measured. Results
are shown in FIG. 15.

As can be seen from FIG. 15, in the exhaust gas purifier of
the example 5, the NOx decrease rate was about 40% at a
relatively low temperature of about 200° C., whereas in the
exhaust gas purifier of the example 8, the NOx decrease rate
became high and about 65% at the relatively low temperature
of about 200° C. Accordingly, it is found that in the case
where the silver-based catalyst to which palladium is added is
used as the first selective reduction catalyst, the decreasing
performance of NOx in the exhaust gas at the relatively low
temperature of the exhaust gas temperature can be enhanced
as compared with the case where the palladium-free silver-
based catalyst is used.

INDUSTRIAL APPLICABILITY

The exhaust gas purifier of the present invention can be
utilized for decreasing NOx contained in an exhaust gas of an
engine such as a diesel engine, to thereby purify the exhaust
gas.

It is noted that this internal application claims the priority
of Japanese Patent Application Nos. 2011-192768 and 2011-
192770 both filed on Sep. 5, 2011, and the contents of Japa-
nese Patent Application Nos. 2011-192768 and 2011-192770
are incorporated herein in their entirety.

The invention claimed is:

1. An exhaust gas purifier comprising:

a first selective reduction catalyst that is provided in an
exhaust pipe of an engine and that includes a silver-
based catalyst;

a second selective reduction catalyst that is provided in the
exhaust pipe on an exhaust gas downstream side of the
first selective reduction catalyst and that includes a cop-
per-based catalyst, an iron-based catalyst, or a vana-
dium-based catalyst;

a third selective reduction catalyst that includes a noble
metal-based catalyst and that is provided in the exhaust
pipe on the exhaust gas downstream side of the second
selective reduction catalyst;

an ozone generator that generates ozone by using oxygen
in an atmosphere or an exhaust gas; and

a hydrocarbon-based liquid supply,

apart of NO in the exhaust gas flowing through the exhaust
pipe is oxidized to NO, with ozone generated by the
ozone generator,

said NO, is supplied to the first selective reduction catalyst,

a part of the hydrocarbon-based liquid supplied from the
hydrocarbon-based liquid supply is partially oxidized,
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with the ozone generated by the ozone generator, to an
active reducing agent including an oxygen-containing
hydrocarbon containing either or both of aldehyde and
alcohol, and

the active reducing agent is supplied to the first selective

reduction catalyst.

2. The exhaust gas purifier according to claim 1, wherein

the hydrocarbon-based liquid supply is connected to the

exhaust pipe on an exhaust gas upstream side of the first
selective reduction catalyst, and

the ozone generator is connected to the exhaust pipe on the

exhaust gas upstream side of'the first selective reduction
catalyst and on the exhaust gas downstream side or the
exhaust gas upstream side of a connection portion
between the hydrocarbon-based liquid supply and the
exhaust pipe.

3. The exhaust gas purifier according to claim 1, wherein

the ozone generator is connected to the exhaust pipe on an

exhaust gas upstream side of'the first selective reduction
catalyst via a gas supplier, and

the hydrocarbon-based liquid supply is connected on an

intermediate portion of the gas supplier.

4. The exhaust gas purifier according to claim 3, wherein a
mixing chamber is provided in a connection portion between
the hydrocarbon-based liquid supply and the gas supplier.

5. The exhaust gas purifier according to claim 1, wherein

the ozone generator includes a first ozone generator and a

second generator device,

the first ozone generator is connected to the exhaust pipe on

an exhaust gas upstream side of the first selective reduc-
tion catalyst via an ozone supplier,

the second ozone generator is connected, via a gas supplier,

to the exhaust pipe on the exhaust gas upstream side of
the first selective reduction catalyst and on an exhaust
gas downstream side or the exhaust gas upstream side of
a connection portion between the first ozone generator
and the exhaust pipe, and

the hydrocarbon-based liquid supply is connected to an

intermediate portion of the gas supplier.

6. The exhaust gas purifier according to claim 5, wherein a
mixing chamber is provided in a connection portion between
the hydrocarbon-based liquid supply and the gas supply sup-
plier.

7. The exhaust gas purifier according to claim 1, wherein
the first selective reduction catalyst includes a honeycomb
carrier coated with a silver zeolite or a silver alumina.

8. The exhaust gas purifier according to claim 1, wherein
the second selective reduction catalyst includes a honeycomb
carrier coated with a copper zeolite, an iron zeolite, or a
vanadium-based oxide.

9. The exhaust gas purifier according to claim 1, wherein
the third selective reduction catalyst includes a honeycomb
carrier coated with a noble metal.

10. The exhaust gas purifier according to claim 1, wherein
the first selective reduction catalyst includes coating a hon-
eycomb carrier coated with a silver zeolite to which palla-
dium is added or a silver alumina to which palladium is added.

#* #* #* #* #*
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